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Background of the Invention 
This invention relates generally to wrellbore casings, and in particular to wellbore 
casings that are formed using expandable tubing. 

ConventlonaHy. wtwn a wellbore is created, a number of casings are installed In 
5 the borehole to prevent collapse of the borehole waW and to prevent undesired outflow 
of drilling fluid into the fpmiation or inflow of fluid from the fonnation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed In a lower 
borehole inten^l is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower lnten«l is of 
10 smaller diameter than the casing of the upper intenral. Thus, the casings are in a 

nested arrangement with casing diameters decreasing In downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the boretwte wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 

15 a latge borehole diameter involves Increased costs due to heavy casing handling 
equipment, large drill bits and Increased volumes of drilling fluid and drill cuttings. 
Moreover. Increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled In the couree of the well, and the large volume of cutUngs drilled and 

20 renraved. 

The present Invention is directed to overcoming one or more of the limitations of 

the ejdsting procedures for fbnming wellbores. 

Summary of the Invention 
According to one aspect of the invention, an apparatus for plastically defonning 
25 and radially expanding a tubular member Is provided that includes means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
diameter, and means for plastically defonning and radially expanding a second portion 
of the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for plastically 
30 defonning and radially expanding a tubular member is provided that includes a tubular 
support member Including a first fluid passage, an expansion cone coupled to the 
tubular support member having a second fluid passage fluididy coupled to the first fluid 
passage and an outer conical surface, a removable annular conical sleeve coupled to 
the outer conical surface of the expansion cone, an annular expansion oone launcher 
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coupled to the conical sleeve and a tower porfon of the tubular member, and a shoe 
having a valveable passage coupled to an end of the expansion cone launcher. 
According to another aspect of the present invention, a method of plastically 

defomiing and radially expanding a tubular member is provided that includes plastically 
5 defomvng and radlally.expanding a portion of the tubular member to a first outside 
diameter, and plastically defomning and radially expanding another portion of the 
tubular member to a second outside diameter 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that Includes plastically 
1 0 defomiing and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically defonning and radially expanding another portion of the 
first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overiapping iielatlon to the first portion of the 
first tubular member, plastically defomning and radially expanding the second tubular 
1 5 member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The Inside diameters of the 
first and second tubular members after the plastic delbmratlons and radial expansions 

are substantially equal. 

According to another aspect of the present Invention, an apparatus for coupling a 
20 first tubular member to a second tubular member is provided that includes means for 
plastically defomting and radially expanding a first portion of the first tubular member to 
a first outside diameter, means for plastically defonning and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside the first tubular member in overiapping relation to 
25 the first portion of the first tubular member, means for plastically defomiing and radially 
expanding the second tubular member to a third outside diameter, and 
,— means^ei^plastically^fomiino and radially expanding the second tubular member to a 



fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic defomwtions and radial expansions are substantially equal. 
30 According to another aspect of the present Invention, an apparatus for fomnlng 

a wellbore casing vwthin a weBboie is provided that includes means for supporting a 
tubular member wltNn the wellbore. means for plastically deforming and radially 
expanding a first portion of the tubular member to a first outside diameter, and means 
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for plastically deforming and radially expanding a second portion of the tubular member 
to a second outside diameter. 

According to another aspect of the present invention, an apparatus for fonming 
a wellbore casing within a wellbore is provided that includes a tubular support member 
5 including a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fluid passage fluidicly coupled to the first fluid passage and 
an outer conical surface, a removable annular conical sleeve coupled to the outer 
conical surface of the expansion cone, an annular expansion cone launcher coupled to 
the conical sleeve and a lov/er portion of the tubular member, and a shoe having a 
1 0 vaWeable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present Invention, a method of forming a 
wellbore casing within a wellbore is provided that Includes supporting a tubular member 
within a weBbore. plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter, and plastically deforming and radially expanding 
1 5 another portion of the tubular member to a second outside diameter. 

According to another aspect of the present Invention, a method of fbmiing a 
mono^lameter wellbore casing within a wellbore is provided that Includes supporting a 
first tubular member vinthin the weHbore. plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically deforming 
20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically defomiing and radially expanding the second tubular member to a fourth 
25 outside diameter. The inside diameters of the first and second tubular members after 
the plastic defomiations and radial expansions are substantially equal. 

According to another aspect of the present Invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plasUcally defomting and radially expanding a first portion of the first tubular member to 
30 a first outsWe diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second (iutslde diameter, means for positioning 
the second tubular member Inside the first tubular member in overtapping relation to 
the first portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and 
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means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic defomnatlons and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plasticaiiy deforming and radially expanding a tubular member is provided that includes 
means for providing a lipped portion in a portion of the tubular member, and means for 
plastically deforming and radially expanding another portion of tiie tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that includes 
a tubular support member including a first fluid passage, an expansion cone coupled to 
the tubular support member having a second fluid passage fluidicly coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
including: a first annular portion coupled to a lower portion of ttie tubular member, a 
second annular portion coupled to the first annular portion ttiat mates vinth the outer 
conical surface of the expansion cone, a third annular portion coupled to the second 
annular portion having a first outside diameter, and a fourth armular portion coupled to 
ttie ttiird annular portion having a second outside diameter, wherein ttie second Outside 
diameter is less than the first outside diameter, and a shoe having a valveable passage 
coupled to fourth annular portion of the e}q>ansion cone launcher . 

According to another aspect of the present invention, a method of plastically 
defonning and radially expanding a tubular member Is provided that includes providing 
a lipped portion in a portion of the tubular member, and plastically defomiing and 
radially expanding another portion of ttie tubular member. 

According to anottier aspect of the present Invention, a method of coupling a 
first tubular member to a second tubular member is provided tiiat includes providing a 
lipped portion in a portion of the first tubular member, plastically defomiing and radially 
expanding another portion of the first tubular m em ber, positioning \he second tubular 
member inside the first tubular member in overlapping relation to the lipped portion of 
the first tubular member, and plastically deforming and radially expanding the second 
tubular member. The inside diameters of ttie first and second tubular nrwmbers after 
ttie plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tajbular ntember Is provided that includes means for 
providing a lipped portion in the first tubular member, means for plastically defomiing 



and radially expanding another portion of the first tubular meft*er, means for 
positioning the second tubular member inside the first tubular member in overlapping 
relation to the lipped portion of the first tubular member, and means for plastically 
defonning and radially expanding the second tubular member. The inside diameters of 
the first and second tubular members after the plastic defomiations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for forming 
a weilbore casing within a wellbore is provided that includes means for supporting a 
tubular member within thfe wellbore, means for providing a lipped portion in the tubular 
member, and means for plastically defonning and radially expanding another portion of 
the tubular member to a second outside diameter. 

According to another asped of the present invention, an apparatus fw fonning 
a wellbore casing within a wellbore is provided that Includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fiuid passage fluidlcly coupled to the first fluid passage and 
an outer conical surface, an annular expansion cone launcher including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having a 
first outside diameter, and a fourth annular portion coupled to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than 
the first outside diameter, and a shoe having a vah/eable passage coupled to fourth 
annular portion of the expansion cone launcher. 

According to another aspect of the present invention, a method of fomning a 
wellbore casing in a wellbore is provided that includes supporting a tubular member 
within the wellbore, providing a lipped portion in a portion of the tubular member, and 
plastically defonning and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of fomiing a 
mono-diameter wellbore casing within a wellbore is provided that includes supporting a 
first tubular member within the wellbore, providing a lipped portion In a portion of the 
first tubular member, plastically deforming and radially expanding another portion of the 
first tubular member, positioning the second tubular member inside the first tubular 
member in overiapping relation to the lipped portion of the first tubular member, and 
plastically deforming and radially expanding the second tubular member. The inside 



diameteis of the first and second tubular membeis after the plastic deformations and 
radial expansions are substantially equal. 

According to another aspect of the present 'mvention. an apparatus for forming 
a mono^lameter welibore casing within a wellbore is provided that Includes means for 
5 providing a lipped portion in the first tubular member; means for plastically deforming 
and radially expanding another portion of the first tubular member, means for 
positioning the second tubular member inside the first tubular member in overlapping 
relation to the lipped portion of the first tubular member, and means for plastically 
defomiing and radially expanding the second tubular member. The inside diameters of 
10 the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically defomilng and radially expanding a tubular member is provided that Includes 
means for plastically defonning and radially expanding a first end of the tubular 
1 5 member, and means for plastically defomiing and radially expanding a second end of 
the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that includes 
a tubular support member Including a first passage, an expansion cone coupled to the 
20 tubular support having a second passage fluidicly coupled to the first passage and an 
outer conical surface, an annular expanston cone launcher movably coupled to outer 
conical surface of the expansion cone, an expandable tubular member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveable fluid passage, and another 
25 annular expansion cone movably coupled to the tubular support member. The annular 
expansion cones are positioned In opposite orientations. 

Accordingao another aspect of the present Inventon. a method of plastically 



defonning and radially expanding a tubular member is provided that includes plastically 
deforming and radially expanding a first end of the tubular member, and plastically 
30 defomiing and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is provided that includes positioning 
the second tubular member inside the first tubular nrwmber in an overtapping 
relationship, plastically defonning and radially expanding the end of the second tubular 
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member that overlaps with the first tubular member, and plastically defomriiag and 
radially expanding the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means for 

5 positioning the second tubular member inside the first tubular member in an 

overlapping relationship, means for plastically defonning and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

1 0 According to another aspect of the present Invention, an apparatus for forming 

a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore, means for plastically defonming and radially 
expanding a first end of the tubular member, and means for ptastically defbnning and 
radially expanding a second end of the tubular memt)er. 

1 5 According to another aspect of the present invention, an apparatus for forming 

a wellbore casing within a wellbore is provided that Includes a tubular support member 
including a first passage, an expansion cone coupled to the tubular support having a 
second passage fluididy coupled to the first passage and an outer conical surface, an 
annular expansion cone launcher movably coupled to outer cpnical surface of the 

20 expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion 
cone launcher having a valveable fluid passage, and another annular expansion cone 
movably coupled to the tubular support member. The annular expansion cones are 
positioned in opposite orientations. 

25 Acconilng to another aspect of the present Invention, a method of fonning a 

wellbore casing within a wellbore is provided that includes plastically defomning and 
radially expanding a first end of the tubular member, and plastically deforming and 
radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of fonning a 

30 wellbore casing within a wellbore is provided that Includes plastically defomning and 
radially expanding a first tubular member within the wellbore. positioning a second 
tubular mernber inside the first tubular member in an overlapping relationship, 
plastically deforming and radially expanding the end of the second tubular menrtber that 
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overlaps with the first tubular member, and plastically deforming and radially expanding 
the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for fomiing 
a wellbore casing within a weUbore is provided that includes means for plastically 
5 deforming and radially expanding a first tubular member within the wellbore. means for 
positioning the second tubular member inside the first tubular member in an 
overlapping relationship, means for plastically deforming and radially expanding the 
end of the second tubular member that overlaps with Ihe first tubular member, and 
means for plastically deforming and radially expanding the remaining portion of the 
10 second tubular member. 

According to another aspect of the present invention, an apparatus for bridging 
an axial gap between opposing pairs of weBbore casing within a wellbore Is provided 
that includes means for supporting a tubular member in oyeriapping relation to the 
opposing ends of the wellbore casings, means for plastically deforming and radially 
1 5 expanding the tubular imember, and 

means for plastically defomilng and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

According to another aspect of the present Invention, a method of bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore is provided that 
20 includes supporting a tubular member in overtopping relation to the opposing ends of 
the wellbore casings, plastically defbmiing and radially expanding the tubular member, 
and plastically deforming and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

According to another aspect of the present Invention, a method of forming a 
25 structure having desired strength characteristics is provided that includes providing a 
first tubular member, and plastically deforming and radially expanding additional tubular 
members on t» ^hp interior surface of the first tubular member until the desired strength 



characteristics are achieved. 

According to another aspect of the present invention, a method of forming a 
30 wellbore casing within a wellbore having desired strength characteristics is provided 
that Includes plastically deforming and radially expanding a first titular member within 
the wellboTB, and plastically defomning and radlaBy expanding additional tubular 
members onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member, the first tubular member having an 
original outside diameter ODo and an original wall thickness to. is provided that includes 
plastically defonning and radially expanding a first portion of the first tubular member to 

5 a first outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically defomning and radially expanding 

10 the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic defonnations and radial expansions 
are substantially equal, and the ratio of the original outside diameter ODo of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. 

1 5 According to another aspect of the present Inventton, a method of forming a 

monoKliameter wellbore casmg is provided that includes positioning a first tubular 
member within a wellbore, the first tubular member having an original outside diameter 
ODo and an original wall thfckness to, plastically defomilng and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically defomfiing 

20 and radially expanding another portion of the first tubular nnember to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overiapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular meml>er to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 

25 outside diameter. The inside diameters of the first and second tubular members after 
the plastic defomiations and radial expansions are substantially equal, and the ratio of 
the original outside diameter ODo of the first tubular member to the original wall 
thickness to of the first tubular member is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided 

30 that includes a plastically defonmed and radially expanded tubular member having a 
first portion having a first outelde diameter and a remaining portion having a second 
outside diameter. The ratio of the original outsWe diameter ODo of the first tubular 
member to ttie original wall thickness to of the first tubular nnember is greater than or 
equal to 16. . 
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According to another aspect of the present Invention, an apparatus is provided 
that includes a plastically defomned and radially expanded first tubular member having 
a first portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plastically deformed and radially expanded second tubular 

5 member coupled to the first portion of the first tubular member The ratio of the original 
outside diameter ODp of the first tubular member to the original wall thickness to of the 
first tubular member is greater than or equal to 1 6. 

According to another aspect of the present invention, a wellbore casing formed 
in a welltore is provided that includes a plastically deformed and radially expanded first 

10 tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically defonned and radially 
expanded second tubular member coupled to the first portion of the first tubular 
member. The ratio of the original outside diameter ODo of the first tubular member to 
the original wall thickness to of the first tubular member is greater than or equal to 16. 

15 According to another aspect of the present invention, an apparatus is provided 

that includes a plastically defomied and radially expanded tubular member. The ratio 
of the original outside diameter ODo of the tubular member to the original wall thickness 
to of the tubular nrtember is greater than or equal to 16. 

Brief Description of the Drawings 

20 Rg. la is a cross sectional illustratton of a wellbore including a preexisting 

wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. la. 

Fig. 1c is a cross-sectional illustration of the injection of fluidic materials through 

25 the apparatus of Fig. 1 b. 

Fig. 1d is a cross-sectional illustration of the injection of hardenable fluidic 

seato9-materials4h rough the a pp a ratus of FIgi 1c. 

Fig. 1e Is a cross-sectional illustration of the pressurization of the region below, 
the expansion cone of the apparatus of Fig. 1d. 
30 Fig. 1f is a cross-sectional illustration of the continued pressurization of the 

region below the expansion cone of the apparatus of Fig . 1 e. 

Fig. 1g is a cross-sectional illustration of the continued pressurizatton of the 
region below the expansion cone of the apparatus of Fig. 1f following the removal of 
the over-expansion sleeve. 
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Rg. 1 h is a aoss-secGonal illustration of the cx)mpletion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 1g. 

Fig. 1 i is a cross-sedional illustration of the driDIng out of a new section of the 
wellbore below the apparatus of Fig. 1h. 
5 Fig. 1 j is a crc^-sertlonal illustration of the radial expansion of another 

expandable tubular memt>er that overlaps with the apparatus of Fig. 1i. 

Fig. 1k is a cross-sectional illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. 1 L 

Fig. 11 is a cross-sectional illustration of the completion of the secondary radial 
10 expansion of the other expandable tubular member of Fig. Ik to form a mono-diameter 
wellbore casing. 

Fig. 2a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 2b is a cross-sectional illustration of the placement of an embodiment of an 
1 5 apparatus for radially expanding a tubular member into the wellbore of Fig. 2a. 

Fig. 2c is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 2c. 
20 Fig. 2e is a cross-sectional illustration of the pressurizati'on of the region below 

the expansion cone of the apparatus of Fig. 2d. 

Fig. 2f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 2e. 

Fig, 2g is a aoss-sectional illustration of ttie completion of the radial expansion 
25 of the expandable tul)ular member of the apparatus of Fig. 2f. 

Fig. 2h is a cross-sectional illusti^tion of the drilling out of a new section of the 
wellbore betow the apparatus of Fig. 2g. 

Rg. 2i is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps vwtti the apparatus of Fig. 2h. 
30 Fig. 2j is a cross-sectional illustration of the secondary radial expansion of the 

other expandable tubular memt)er of the apparatus of Rg. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of the secondary radial 
expansion of the ottier expandable tubular member of Fg. 2j to fomn a mono-diameter 
wellbore casing. 
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Fig. 3 is a cross-secOonal illustration of the apparatus of F^. 2b illustrating the 
design and construction of the over-expansion insert 

Rg. 3d is a cross-secBonal illustration of an alternative embodiment of the over- 
expansion insert of Fig. 3. 
5 Fig.4lsacross-sectionalillustrationof an alternative embodiment of the 

apparatus of Rg. 2b including a resilient hook for retrieving the over-expansion insert 

Fig. 5a is a cross-secHonal illustration ot a welibore including a preexisting 
wellbore casing. 

Fig. 5b is a cross-sectional iHi^tration of the formation of a new section of 
10 welibore casing In the welibore of Fig. 5a. 

Fig. 5c is a fragmentary cross-sectional illustration of the placement of an 
inflatable bladder into the new section of the welibore casing of Fig. 5b. 

Rg. 5d is a fragmentary cross-sectional illustration of the inflation of the 
. inflatable bladder of Rg. 5c. 
1 5 Fig. 5e is a aoss-sectional Illustration of the new section of weObore casing of 

Fig. 5d after over-expansion. 

Fig. 5f is a cross-secdonal Illustration of the new section of welibore casing of 
Fig. 5e after drilling out a new section of the welibore. 

Fig. 5g is a cross-secHonal illustration of the fonnation of a morio-diameter 
20 welibore casing that Includes the new section of the welibore casing and an additional 
section of welibore casing. 

Fig. 6a is a cross-sedional Illustration of a welibore including a preexisting 

welibore casing. 

Rg. 6b is a cross-sectional illustration of the fonnation of a new section of 
25 welibore casing in the welibore of Rg. 6a. 

Fig. 6c is a fragmentary cross-sectional illustration of the placement of a roller 

j_ radial expansion device into the new section of th^ welibore ca sing of Fig. 6b. 

Fig. 6d is a cross-sectional niustratlon of the new section of welibore casing of 
Fig. 6c after over-expansion. 
30 Fig. 6e is a cross-sectional illustration of the new secUon of welibore casing of 

Fig. 6d after drilling out a new section of the welibore. 

Fig. 6f is a cross-sectional illustration of the fonnation of a mono-diameter 
welibore casing that includes the new section of the welibore casing and an additional 
section of welibore casing. 
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Fig. 7a is a cross sectional illustration of a wellt)ore including a pre6)dsting 
wellt>ore casing. 

Fig. 7b is a crbss-secttonal illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 

Fig. 7c is a cross-sedlonal illustration of the injection of fiuidic materials through 
the apparatus of Fig. 7b. 

Fig. 7d is a cross-sectior\al illustration of the injection of hardenable fiuidic 
sealing materials through the apparatus of Fig. 7c. 

Fig. 7e is a cross-sedional illustration of the pressurization of the region below 
the expansion cone of the apparatus of Fig. 7d. 

Fig. 7f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional illietration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 7f. 

Fig. 7h is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Fig. 7g. 

Fig. 71 is a cross-sectional illustration of the completion of the radial expansion 
of another expandable tubular member to form a mono-diameter wellbore casing. 

Fig. 8a is cross-sectional illustration of an wellbore including a preexisting 
section of wellbore casing having a recessed portion. 

Fig. 8b is a cross-secHonal illustration of the placement of an apparatus for 
radially expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a aoss-sectional Illustration of the injection of fiuidic materials through 
the apparatus of Fig. 8b. 

Fig. 8d is a cross-sectional illustration of the injection of a hardenable fiuidic 
sealing material through the apparatus of Fig. 8c. 

Fig. 8e is cross-sedional illustration of the isolation of the region below the 
expansion cone and within the expansion cone launcher of the apparatus of Fig. 8d. 

Fig. 8f is a cross-sectional illustration of the plastic defonmation and radial 
expansion of the upper portion of the expandable tubular member of the apparatus of 
Fig. 8e. 

Fig. 8g Is a cross-sectional illustration of the removal of the upper expansion 
cone from the wellbore of fig. 8f. 
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Fig. 8h is a cross-sectional illustration of the continued pressurization of the 
region l)elow the expansion cone of the apparatus of Fig. 8g to thereby plastically 
deform and radially expand the expansion cone launcher and expandable tubular 
member. 

5 Rg. 8i Is a cross-sectiwial illustration of the complefen of the Initial radial 

expansion process of the apparatus of Rg. 8h. 

Fig. 8j is a cross-sectional illustration of the further radial expansion of the 
apparatus of Rg. 8i in order to form a mono-diameter wellbore casing. 

Fig. 9a fe a cross-sectional illustration of a wellbore including upper and lower 
10 preexistirtg wellbore casings that are separated by ah axial gap. 

Fig. 9b is a cross-sectional illustration of the coupling of a tubular member to 
the opposing ends of the wellbore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of the placement of a radial 
expansion device into the tubular member of Fig. 9b. 
15 Fig. 9d is a fragmentary cross-sectional illustration of the actuation of the radial 

expansion device of Rg. dc, 

Rg. 9e Is a cross-sectional of a mono-diameter wellbore casing generated by 
the actuation of the radial expansion device of Rg. 9d. 

Fig. 10 IS a cross-sectional illustration of a mono-diameter wellbore casing that 
20 includes a plurality of layers of radially expanded tubular members along at least a 
portion of the its length. 

Fig. 11a is a cross-sectional Illustration of a wellbore including a casing fonned 
by plastically defomiing and radially expanding a first tubular member. 

Fig, 1 lb is a cross-sectional illustration of a wellbore including another casing 
25 coupled to the preexisting casing by plastically deforming and radially expanding a 
second tubular meml)er. 

Fig, 11 c f ? ^ rm<^<:,RftrHnnal iUustration of a mono-diameter wellbore casing 

fonned by radially expanding the second tubular member a second time. 

Detailed Description 

30 Several embodiments of methods and apparatus for fomfiing a mono-diameter 

wellbore casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be used for form or repair moncxliameter wellbore casings, pipelines, 
or stmctural supports. Furthermore, v/hile the present Illustrative embodiments are 
described with reference to the formation of mono-diameter wellbore. casings, the 
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teachings of the present disclosure have general application to the formation or repair 
of wellbore casings, pipelines, and stmcturat supports. 

Referring initially to Fig. 1a. a welllDore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 

5 horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a prefen^ 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
foltowing: (1) U.S. patent application serial no. 09/454,139. atlomey docket no. 

10 25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510,913. 
attomey docket no. 25791.7.02. filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350, attomey docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440.338. attomey docket no. 25791.9,02, filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523.460, attomey docket no. 25791 .1 1.02. filed 

15 on 3/10/2000. (6) U.S. patent application serial no. 09/512.895. attomey docket no. 
25791. 12.02« filed on 2/24/2000, (7) U.S; patent application serial no. 09/511,941, 
attomey docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588,946, atlomey docket no: 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
application serial no. 09/559.122. attomey docket no. 25791.23.02. filed on 4/26/2000. 

20 (1 0) PCT patent application serial no. PCT/USOO/1 8635. attomey docket no. 

25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162.671, attomey docket no. 25791.27, filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/154,047, attorney docket no. 25791.29. filed on 
9/16/1999. (13) U.S. provisional patent applicatfon serial no. 60/159.082. attomey 

25 docket no. 25791.34, filed on 10/12/1999. (14) U.S. provisional patent application serial 
no. 60/159.039, attomey docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159.033. attomey docket no. 25791.37, filed 

on 1 0/1 2/1 999. (16)i U.S. provisional patent application serial no. 

attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent 

30 application serial no. 60/165.228. attomey docket no. 25791.39, filed on 11/12/1999, 

(18) U.S. provisional patent application serial no: , attomey docket no. 

25791.45. filed on 7/28/2000. (19) U.S. provisional patent application serial no. 

. attomey docket no. 25791,46. filed on 7/28/2000. arid (20) U.S. 

provisional patent application serial no. , attomey docket no. 25791 .47, 
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filed on 9/1 8/2000, the disclosures of which are inconjorated herein by reference. 
More generally, the preexisting welll)ore casing 15 may be coupled to anottier 
preexisting wellbore casing and/or may include one or more concentrically positioned 
tubular nnembere. 

Referring to Fig. lb, an apparatus 100 for radially expanding a tubular member 
may then be positioned witWn the wellbore 10. The apparatus 100 includes a tubular 
support member 105 defining a passage 1 10 for conveying fluidic materials. /\n 
expansion cone 115 defining a passage 120 and having an outer conical surface 125 
for radially expanding tubular mentbers is coupled to an end of the tubular support 
member 105. An annular conical over-expansion sleeve 130 mates with and Is 
removably coupled to the outer conical surface 125 of the expansion cone 115. In 
several alternative embodiments, the over-expansion sleeve 130 is fabricated from 
frangible materials such as, for example, ceramic materials, in order to facilitate the 
removal of the over-expansion sleeve during operation of the apparatus 100. In this 
manner, the amount of radial expansion provided by the apparatus may be decreased 
folbwing the removal of the over-expanston sleeve 130. 

An expansion cone launcher 135 Is movably coupled to and supported by the 
expansion cone 11 5 and the over-expansion sleeve 1 30. The expansion cone 
launcher 135 Include an upper portion having ari upper outer diameter, an intermediate 
portion that mates with the expansion cone 1 15 and the over-expansion sleeve 1 30, an 
a lower portion having a lower outer diameter. The lower outer diameter is greater than 
the upper outer diameter. A shoe 140 defining a valveable passage 145 is coupled to 
the lower portion of the expansion cone launcher 135. In a preferred embodiment, the 
valveable passage 145 may be controllably dosed in order to fluididy isolate a region 
150 below the expansion cone 1 15 and bounded by the lower portion of the expansion 
cone launcher 135 and the shoe 140 from the region outside of the apparatus 100. 

An r^ynnnrinhlQ tubular member 155 i s cniiplftd to the up per portion of the 

expansion cone launcher 135. One or more sealing members 160a and 160b are 
coupled to the exterior of the \ipp& portion of the expandable tubular member 155. In 
several altematlva embodiments, the sealing members 160a and 160b may indude 
elastomeric elements and/or metallic elements and/or composite elements. In several 
altemative embodiments, one or more anchoring elements may substituted for, or used 
in addition to. the sealing members 160a and 160b. 
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In a preferred embodiment, the support member 105. the expansion cone 115. 
the expansion cone launcher 135. the shoe 140. and the expandable tubular member 
^SS are provided substantfaily as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454.139. attorney docket no. 25791.03.02. filed on 
5 12/3/1999. (2) U.S. patent application serial no. 09/510.91 3, attorney docket no. 
25791.7.02. filed on 2/23/2000. (3) U.S. patent application serial no. 09/502.350. 
attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent appBcation serial 
no. 09/440,338. attorney docket no. 25791.9.02, filed on 11/15/1999. (5) U.S. patent 
application serial no. 09/523.460, attomey docket no. 25791.11.02. filed on 3/10/2000, 
10 (6) U.S. patent application serial no. 09/512.895. attomey docket no. 25791.12.02, filed 
on 2/24/2000, <7) U.S. patent application serial no. 09/511.941. attomey docket no. 
25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial no. 09/588,946. 
attomey docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559,122, attomey docket no. 25791 .23.02. filed on 4/26/2000, (10) PCT patent 
15 applicatkm serial no. PCT/USOO/18635. attomey docket no. 25791.25.02, fded on 

7/9/2000, (1 1) U.S. provistonal patent applkatlon serial no. 60/162.671 , attomey docket 
no. 25791.27, filed on 1 1/1/1999. (12) U.S. provisional patent appficatnn serial no. 
60/154.047. attomey docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional 
patent applicatkm serial no. 60/159,082, attomey docket no. 25791.34. filed on 
20 10/12/1999, (14) U.S. provisional patent application serial no. 60/159.039. attomey 

dodtet no. 25791.36. filed on 10/12/1999, (15) U.S. provisional patent applicatron serial 
no. 60/159,033, attomey docket no. 25791.37. filed on 10/12/1999. (16) U.S. 

provisional patent application serial no. , attomey docket no. 

25791 .38. filed on 6/19/2000. (17) U.S. provisional patent application serial no. 
25 60/165.228. attomey docket no. 25791.39. filed on 1 1/12/1999, (18) U.S. provisional 

patent application serial no. , attomey docket no. 25791,45. filed on 

7/28^000, (19) U.S. provisional patent application serial no. . attorney 

docket no. 25791.46. filed on 7/28/2000. and (20) U.S. provisional patent applicatton 

serial no. attomey docket no. 25791 .47. filed on 9/18/2000, the 

30 disclosures of which are incorporated herein by reference. 

/Vs illustrated in Fig. lb, in a preferred embodiment, during placement of the 
apparatus 100 within the wellbore 10. fluidic materials 165 witNn the wellbore 10 are 
conveyed through the apparatus 100 through the passages 1 10, 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement 
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of the apparatus 100 vnthin the wellbore 1 0 are reduced. In a preferred embodiment, 
the apparatus 100 Is initially positioned within the wellbore 10 such that the top portion 
of the tubular member 155 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 155 may be radially expanded into 
5 contact with and coupled to the preexisting casing 1 5. As will be recognized by 
persons having ordinaiy sIcHI in the art. the precise initial position of the expandable 
tubular member 155 will vary as a function of the amount of radial expansion, the 
amount of aidal shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 
10 As illustrated in Fig. 1 c. a fluidic nnaterial 1 70 may then be injected through the 

apparatus 100 through the passages 110, 120, and 145 in order to test the proper 
operation of these passages. 

As Illustrated in Fig. Id. a hardenable fluidic sealing material 175 may then be 
injected through the apparatus 100 through the passages 1 10. 120 and 145 into the 
1 5 annulus between the apparatus and the vireBbore 10. In this.manner. an annular barrier 
to fluid migration into and out of the wellboie 10 may be fonned around the radiaUy 
expanded expansion cone launcher 1 35 and expandable tubular member 155. The 
hardenable fluidic sealing material may include, for example, a cenf«nt mixture. In 
several altemalive embodiments, the injection of the hardenable fluidic sealing material 
20 175 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 175 is compressible, before, during and/or after, the curing process. 

As illustrated In Fig. 1e, a non-hardenable fluidic material 180 may then be 
ir>jected into the apparatus through the passages 110 and 120. A ball plug 185. or 
other similar device, may then be injected with the fluidic material 180 to thereby seal 
25 off the passage 145. In this manner, the region 150 may be pressurized by the 
continued injection of the fluidic material 180 into the apparatus 100. 

A64tiu8tfated in Fig. If. the continiiRri injection of the fluidic material 180 into the 

apparatus 100 causes the expansion cone launcher 135 and expandable tubular 
member 155 to be plastically defomied and radially expanded off of the over-expansion 
30 sleeve 1 30. In this manner, the expansion cone 1 1 5 and over-expansion sleeve 1 30 
are displaced relative to the expansion cone launcher 135 and expandable tubular 
member 155 in the axial direction. 

After a predetemined time period and/or after a predetermined axial 
displacement of the expansion cone 1 1 5 relative to the expansion cone launcher 1 35 
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and expanddble tubular member 155, the over-expansion sleeve 130 may be removed 
from the outer conical surface 125 of the expansion cone 1 15 by the application of a 
predetermined upward shock load to the support member 105. In a preferred 
embodiment, the shock load causes the frangible over-expansion sleeve 1 30 to 

5 fracture into small pieces that are then forced off of the outer conical surface 1 25 of 
the expansion cone 1 15 by the continued pressurization of the region 150. In a 
preferred embodiment, the pieces of the over-expansion sleeve 130 are pulverized into 
grains of material by the continued pressurization of the region 150. 

Referring to Fig. 1g, following the removal of the frangible over-expansion 

10 sleeve 1 30, the continued pressurization of the region 1 50 causes the expandable 
tubular member 155 to be plastically defonmed and radially expanded and extruded off 
of the outer conical surface 125 of the expansion cone 115. Note that the amount of 
radial expansion provided by the outer conical surface 125 of expansion cone 115 is 
less than the amount of radial expansion provided by the combination of the over- 

15 expansion sleeve 130 and the expansion cone 115. in this manner, as illustrated in 
Fig. 1h. a recess 185 is formed in the radially expanded tubular member 155. 

After completing the plastic defonnatton and radial expansion of the tubular 
member 1 55, the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular body 190 that provides a banier to fluid flow into or out of the wellbore 10. 

20 Refening to Fig. 1i, the shoe 140 may then removed by drilling out the shoe 

using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defonned and radially eixpanded tubular member 
155. 

25 Refening to Fig. 1 j. a tubular member 200 may then be plastically defomned 

and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a preferred embodiment, the upper portion of the radially 
expanded tubular member 200 overiaps with and mates with the recessed portion 185 
of the tubular menriber 155. In a preferred embodiment, one or more sealing members 

30 205 are coupled to the exterior surface of the upper portton of the tubular member 200. 
In a preferred embodiment, the sealing members 205 seal the interface betvveen the 
upper portion of the tubular member 200 and the recessed portion 185 of the tubular 
member 155. In several altemative embodiments, the sealing members 205 may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
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several alternative embodiments, one or more anchoring elements may substituted for. 
or used In addition to. the sealing members 205. In a prefeoed embodiment, an 
annular body 21 0 of a hardenable fluidic sealing material is also fbnned around the 
tubular member 200 usifig one or more conventional methods. 
5 In a preferred embodiment, the tubular member 200 is plastically defomied and 

radially expanded, and the annular body 210 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent application serial no. 
09/454.139. attorney docket no. 25791 .03.02. filed on 1 2/3/1999. (2) U.S. patent 
application serial no. 09/510.913. attomey docket no. 25791.7.02. fBed on 2/23/2000. 
10 (3) U.S. patent application serial no. 09/502.350. attomey docket no. 25791.8.02. filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440.338. attomey docket no. 
25791.9.02. filed on 11/15/1999. (5) U.S. patent application serial no. 09/523.460. 
attomey docket no. 25791 .1 1 .02, filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512.895, attomey docket no. 25791.12.02. filed on 2/24^^2000. (7) U.S.. patent 
15 application serial no. 09/511,941, attomey docket no. 25791.16.02. filed on 2/24/2000. 
(8) U.S. patent appficatfon serial no. 09/588,946. attomey docket no. 25791.17.02. filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attomey docket no. 
25791 .23.02. filed on 4/26/2000, (10) PCT patent applteatton serial no. 
PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
20 provistonal patent application serial no. 60/162,671 , attomey docket no. 25791.27, filed 
on 1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047. attomey 
docket no. 25791 .29. filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159,039, attomey docket no. 25791.36, filed 
25 on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033. attomey 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial 

no. , attorney docket no, ?5791 .38. filed on 6/19/2000.(17) U.S 

provisional patent application serial no. 60/165.228. attomey docket no. 25791.39. filed 

on 11/12/1999, (18) U.S. provisional patent application serial no. . 

30 attomey docket no. 25791 .45. filed on 7/28/2000. (1 9) U.S. provisional patent 

application serial no. . . attomey docket no. 25791.46, filed on 7/28/2000. 

and (20) U.S. provisional patent applteation serial no. __: , attomey docket 

no. 25791 .47. filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 
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In an alternative embodiment the annular body 210 may be omitted. In several 
altemative embodiments, the annular body 210 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. 1k, an expansion cone 215 may then be driven in a downward 
5 direction by fluid pressure and/or by a support member 220 to plastically defonn and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially equal. In this manner, as illustrated in Fig. II, 
a mono-diameter wellbore casing may formed. 

Referring to Figs. 2a and 2b, in an altemative embodinr^ent, an apparatus 300 
10 for radially expanding a tubular member may then be positioned within the wellbore 10. 
The apparatus 300 includes a tubular support member 305 defining a passage 310 for 
conveyir^ fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular members is coupled 
to an end of the tubular support member 305. An annular conical over-expansion 
1 5 Insert 330 mates with and is removably coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion Insert 330. The expansion cone launcher 
335 Includes an upper portion having an upper outer diameter, an intermediate portion 
20 that mates with the expansion cone 315 and the over-expansion insert 330. an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 340 defining a vatveable passage 345 is coupled to the 
tower portion of the expansion cone launcher 335. In a preferred embodiment, the 
valveabte passage 345 may be controllably closed in order to fluidicly isolate a region 
25 350 below the expansion cone 31 5 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 300. 

In a prefen^ed embodiment, as illustrated in Fig. 3, the over-expansion insert 
330 includes a plurality of spaced-apart arcuate inserts 330a. 330b, 330c and 330d that 
are positioned between the outer conical surface 325. of the expansion cone 315 and 
30 the inner surface of the intemnediate portion of the expansion cone launcher 335. In 
this manner, the relative axial displacement of the expansion cone 315 and the 
expansion cone launcher 335 will cause the expansion cone to over-expand the 
intermediate portion of the expansion cone launcher. In this manner, a recess nnay be 
fomied in the radially expanded expansion cone launcher 335. In several altemative 
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embodiments, the inserts 330a. 330b, 330c, and 330d fall out of the recess and/or are 
removed from the recess using a conventional retrieval tool upon the completion of the 
radial expansion process. 

In an altemaBve embodiment, as illustrated in Fig. 3a. the over expansion insert 

5 330 further Includes intemrediate resilient members 331a, 331 b, 331c and 331d for 
resiliently coupling the inserts 330a, 330b. 330c and 330d. In this manner, upon the 
completion of the radial expansion process, the resilient force exerted by the resilient 
members 331 causes the over-expansion Insert to collapse in the radial direction and 
thereby fall out of the recess. 

10 An expandable tubular member 355 is coupled to the upper portion of the 

expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. In 
several altematlve embodiments, the sealing members 360a and 360b may include 
eiastomeric elements and/or metallic elements and/or composite elements. In several 

1 5 altemative embodiments, one or more anchoring elements may substituted for. or used 
in addition to, the seaRng members 360a and 360b. 

In a preferred embodiment, the support member 305, the expansion cone 315. 
the expansion cone launcher 335. the shoe 340, and the expandable tubular nrtember 
355 are provided substantially as disclosed in one or more of the following: (1) U.S. 

20 patent application serial no. 09/454,139, attomey docket no. 25791 .03.02, filed on 
12/3/1999, (2) U.S. patent iapplication serial no. 09/510.913. attorney docket no. 
25791 .7.02, filed on 2/23/2000. (3) U.S. patent application serial no. 09/502,350. 
attomey docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent application serial 
no. 09/440.338. attomey docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 

25 application serial no. 09/523.460. attomey docket no. 25791 .11 .02, filed on 3/10/2000. 
(6) U.S. patent application serial no. 09/512,895, attomey docket no. 25791.12.02, filed 

on 2/2 ^/ 2000, (7 ) U.S. pate nt ?^ ppK/-at<nn Rftrial no, 09/511,941, attomey docket no. 

25791.16.02, filed on 2/24/2000. (8) U.S. patent application serial no. 09/588.946. 
attomey docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. patent application serial 

30 no. 09/559.122, attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCX patent 
application serial no. PCT/USOO/18635, attomey docket no. 25791 .25.02. filed on 
7/9/2000. (11) U.S. provisional patent application serial no. 60/162,671. attomey docket 
no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047. attomey docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional 
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patent application serial no. 60/159.082. attorney docket no. 25791 .34. filed on 
10/12/1999, (14) U.S. provisional patent appDcatlon serial no. 60/159,039. attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial 
no. 60/159.033. attorney docket no. 25791.37. filed on 10/12/1999. (16) U.S. 

5 provisional patent application serial no. attorney docket no. 

25791.38, filed on 6/19/2000. (17) U.S. provisional patent application serial no. 
60/165.228. attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. provistonal 

patent application serial no. • - attorney docket no. 25791 .45, filed on 

7/28/2000, (19) U.S. provisional patent application serial no. . attorney 

10 docket no. 25791 .46, filed on 7/28/2000. and (20) U.S. provisional patent application 

serial no. . attorney docket no. 25791 .47. filed on 9/18^000. the 

disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 
apparatus 300 within the wellbore 10. fluidic materials 365 within the wellbore 10 are 

15 conveyed through the apparatus 300 through tiie passages 310. 320 and 345 to a 
location above the apparatus 300. In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 300 is initially positioned within the wellbore 10 such that the top portion 
of the tubular member 355 overiaps with the preexisting casing 15. In this manner^ the 

20 upper portion of the expandable tubular member 355 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 355 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and ttie material properties of the 

25 expandable tubular member. 

As illustrated in Fig. 2c. a fluidic material 370 may then be injected through the 
apparatus 300 through Uie passages 310, 320, and 345 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 2d, a hardenable fluidic sealing material 375 may ttien be 

30 injected through ttie apparatus 300 through the passages 310, 320 and 345 Into ttie 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be formed around ttie radially 
expanded expansion cone launcher 335 and expandable tubular member 355. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
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several alternative emtxxJimerrts. the injection of the hardenable fiuldic sealing material 
375 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 375 fe compressilrfe, before, during and/or after, the curing process. 

As Illustrated In Fig. 2e, a non-hardenable lluidic material 380 may then be 
5 injected Into the apparatus through the passages 310 and 320. A ball plug 385. or 
other similar device, may then be Injected vwith the fluidic material 380 to thereby seal 
off the passage 345. in tWs manner, the region 350 may be pressurized by the 
continued Injection of the fluidic material 380 into the apparatus 300. 

As Illustrated In Fig. 2f. the continued injection of the fluidic material 380 into the 
10 apparatus 300 causes the expanston cone launcher 335 to be plastically defonned ar\d 
radially expanded off of the over-expansion insert 330. In this manner, the expansion 
cone 315 is displaced relative to the expansion cone launcher 335 and expandable 
tubular member 355 In the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion 
15 insert 330. the radial expansion of the expansion cone launcher 335 and exparidable 
tubular member 355 is provided solely by the outer conical surface 325 of the 
expansion cone 315. Note that the amount of radial expansion provided by the outer 
conical surface 325 of expansion cone 315 Is less than the amount of radial expansion 
provided by the combination of the over-expansion insert 330 and the expansion cone 
20 315. In this manner, as illustrated in Fig! 2g, a recess 390 is fomied in the radially 
expanded tubular member 355. 

in several altemative embodiments, the over-expansion insert 330 is removed 
from the recess 390 by falling out and/or removal using a conventional retrieval tool. In 
an altemative embodiment, the resilient force provided by the resilient members 331a, 
25 331 b. 331 c, and 331d cause the Insert 330 to collapse in the radial direction and 

thereby fall out of the recess 390. In an altemative embodiment, as illustrated in Fig. 4. 

on e or more r e sili e nt hooks 39 5 a and 3 95 b a r e c raip l fld to the bottom of the expansion 

cone 315 for retrieving the over-expansion insert 330 during or after the completion of 
the radial expansion process. 
30 After completing the plastic defomriation and radial expansion of the tubular 

member 355. the hardenable fluidic sealing material is allowed to cure to thereby fonn 
an annular body 400 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. 2h, the shoe 340 may then removed by driHIng out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
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drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically deformed and radially expanded tubular member 
355. 

Referring to Fig. 2j, a tubular member 405 may then be plastically deformed 

5 and radially expanded using any number of conventional methods of radially expanding 
a tubular m^ber. In a prefen^ed embodiment, the upper portion of the radially 
expanded tubular member 405 overiaps with and mates with the recessed portion 390 
of the tubular member 355. In a preferred emlwxliment, one or more sealing memt)ers 
410 are coupled to the exterior surface of the upper portion of the tubular member 405. 

10 In a prefe^ed embodiment, the sealing members 410 seal the interface between the 
upper portion of the tubular member 405 and the recessed portton 390 of the tubular 
member 355. In several altemative embodiments, the sealing members 410 may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
several altemative embodiments, one or nriore anchoring elements may substituted for, 

15 or used in addition to, the sealing members 410. In a prefenred embodiment, an 
annular body 415 of ia hardenable fluldic sealing nr^terial is also formed around the 
tubular memt)er 405 using one or more conventional methods. 

In a prefen-ed embodiment, the tubular member 405 is plastically deformed and 
radially expanded, and the annular body 41 5 is formed using one or more of Uie 

20 apparatus and methods disclosed in the following: (1 ) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510,913, attomey docket no. 25791.7.02, filed on 2C3/2000, 
(3) U.S. patent application serial no. 09/502,350, attomey docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attomey docket no. 

25 25791 .9.02, filed on 1 1/15/1999. (5) U.S. patent application serial no. 09/523.460. 
attomey docket no. 25791 .1 1.02, filed on 3/10/2000, (6) U.S. patent application serial 
no. 09/512.895, attomey docket no. 25791.12.02. filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/51 1 .941 , attomey docket no. 25791 .16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946, attomey docket no. 25791.17.02, filed 

30 on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attomey docket no. 
25791 ,23.02. filed on 4/26/2000, (1 0) PCT patent applicatton serial no. 
PCT/USOO/18635. attomey docket no. 25791.25.02, filed on 7/9/2000. (1 1) U.S. 
provisional patent application serial no. 60/162.671 , attomey docket no. 25791 .27. filed 
on 11/1/1999, (12) U.S. provisfonal patent application serial no. 60/154,047, attomey 
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docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159.082, attorney docket no. 25791.34, filed on 1W12/1999, (14) U.S. 
prdvtelonal patent application serial no. 60/159.039. attorney docket no. 25791 .36, filed 
on 10/12/1999, (15) U.S. provistonal patent application serial no. 60/159.033. attorney 
5 docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial 

no. . attorney docket no. 25791.38. filed on 6/19/2000. (17) U.S. 

provisional patent application serial no. 60/165.228, attorney docket no. 25791.39, filed 

on 11/12/1999, (18) U.S. provisional patent applicatton serial no. * 

attorney docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent 

10 application serial no. , attorney docket no. 25791.46. filed on 7/28/2000, 

and (20) U.S. provisional patent application serial no. , attorney docket 

no, 25791.47. filed on 9/18/2000. the disclosures of which are incorporated herein by 
reference. 

In an alternative embodiment, the annular body 415 may be omitted. In several 

15 attemative embodiments, the annular body 415 may be radially compressed beftwe, 
during and/or afteir curing. 

Referring to Fig. 2j. an expansion cone 420 may then be driven in a downward 
direction by fluid pressure and/or by a support member 425 to plastically deform and 
radially expand the tubular member 405 such that the Interior diameter of the tubular 

20 members 355 and 405 are substantially equal. In this manner, as illustrated in Fig. 2k. 
a mono-diameter wellbore casing may be formed. 

Refening to Rgs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 

25 conventional methods. An annular body of a fluidic sealing material 510 may also be 
fomied around the tubular member 500 using any number of conventional methods. In 

a preferred embodiment, the tubular member 500 is plastically defomned and radially 

expanded and the annular body 510 is fonned using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent applicatton serial 

30 no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510.913, attorney docket no. 25791.7.02, filed on 2/2i3/2000, 
(3) U.S. patent application serial no. 09/502.350, attorney docket no. 25791.8.02. filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02. filed on 11/15/1999, (5) U.S. patent application serial no. 09/523.460. 
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attorney docket no. 25791.11.02, filed on 3/1072000, (6) U.S. patent application serial 
no. 09/512.895, attorney docket no. 25791.12.02. filed on 2/24/2000. (7) U.S. patent 
application serial no. 09/51 1 ,941 , attorney docket no. 25791 .16.02. filed on 2/24/2000. 
(8) U.S. patent applicatkm serial no. 09/588.946, attorney docket no. 25791 .17.02. filed 

. 5 on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney docket no. 
25791.23.02, filed on 4^2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000. (1 1) U.S. 
provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154,047, attorney 

10 docket no. 25791.29. filed on 9/16/1999, (13) U.S. provfeional patent application serial 
no. 60/159.082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
provisional patent application serial no. 60/159.039, attoniey docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. provistonal patent application serial no. 60/159.033. attorney 
docket no. 25791.37, filed on 10/12/1999. (16) U.S. provisional patent applicatton serial 

15 no. . attorney docket no. 25791.38. filed on 6/19/2000. (17) U.S. 

provisional patent application serial no. 60/165.228, attorney docket no. 25791.39, filed 

on 11/12/1999, (18) U.S. provistonal patent application serial no. , 

attorney docket no. 25791 .45. filed on 7/28/2000, (19) U.S. provisional patent 
application serial no. • attorney docket no. 25791 .46, filed on 7/28/2000. 

20 and (20) U.S. provisional patent applicatton serial no. , attorney docket 

no. 25791.47. filed on 9/18/2000, the disctosures of wtiich are incorporated herein by 
reference. 

In several alternative emlxxliments, ttie annular body 510 may be omitted or 
may be compressible before, during, or aRer curing. 
25 Refening to Figs. 5c and 5d. a conventional inflatable bladder 515 may then be 

positioned within the tubular member 500 and inflated to a sufficient operating pressure 
to plastically deform and radially expand a portion of the tubular member to thereby 
fonn a recess 520 in the tubular member. 

Refening to Figs. 5e and 5f. ttie inflatable bladder 515 may tiien be removed 
30 and ttie shoe 505 drilled out using a conventional drilling device. 

Refening to Fig. 5g. an additional tubular member 525 may then be plastically 
defonned and radially expanded in a conventional manner and/or by using one or more 
of ttie mettiods and apparatus described above In order to form a mono^liameter 
wellbore casing. Before, during or after ttie radial expansion of ttie tubular member 
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525. an annular body 530 of a fluidic sealing material may be fomied around the 
tubular member In a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

Iii several alternative embodinwits. the inflatable bladder 515 may be coupled 
5 to the bottom of an expansion cone in order to permit the over-expansion process to be 

performed during the radial expansion process implemented using the expansion cone. 

Refemng to Figs 6a-6b, In an alternative embodiment, a tubular membfer 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
10 conventional methods. An annular body of a fluidic sealing material 610 may also be 
formed around tte tubular member 600 using any number of conventional methods. In 
a preferred embodiment, the tubular member 600 is plastically deformed and radially 
expanded and the annular body 610 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent application serial 
15 no. 09/454.139. attomey docket no. 25791.03.02, filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510.913, attomey docket no. 25791.7.02. filed on 2«3/2000, 
(3) U.S. patent application serial no. 09/502.350, attomey docket no. 25791.8.02. filed 
on 2/10/2000, (4) U.S. patent applicatfon serial no. 09/440,338. attomey docket no. 
25791.9.02. filed on 11/15/1999. (5) U.S. patent applfcatton serial no. 09/523,460, 
20 attomey docket no. 25791 .1 1.02. filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512.895. attomey docket no. 25791.12.02. filed on 2^4/2000. (7) U.S. patent 
application serial no. 09/511.941. attomey docket no. 25791.16.02. filed on 2/24/2000. 
(8) U.S. patent applicatton serial no. 09/588.946, attomey docket no. 25791 .17.02, filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559.122. attomey docket no. 
25 25791 .23.02, filed on 4/26/2000, (10) PCT patent application serial no. 

PCTAJSOO/1 8635, attomey docket no. 25791 .25.02. filed on 7/9/2000. (11) U.S. 

provision al pat e nt a ppl i c a ti o n seri a l no 60/162 , 671 , a t t orney docket no. 25791.27. filed 

on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154.047. attomey 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
30 no. 60/159.082. attomey docket no. 25791 .34, filed on 10/12/1999. (14) U.S. 

provisional patent applfeation serial no. 60/159.039, attomey docket no. 25791.36. filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159.033. attomey 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent applfcatlon serial 
no. _, attomey docket no. 25791.38, filed on 6/19/2000, (17)U.S. 
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provisional patent application serial no. 60/165.228. attorney docket no. 25791.39. filed 

on 11/12/1999. (18) U.S. provisional patent application serial no. . 

attorney docket no. 25791.45. filed on 7/28/2000, (19) U.S. provisional patent 

application serial no. . attorney docket no. 25791.46, filed on 7/28/2000. 

5 and (20) U.S. provsional patent application serial no. , attorney docket 

no. 25791.47, filed on 9/18/2000. the disclosures of which are incorporated herein by 
reference. 

In several alternative embodiments, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 

10 Refening to Figs. 6c and 6d, a conventional roller expansion device 615 may 

then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically deform and radially expand a portion of the tubular member to thereby form 
a recesss 620 in the tubular member. As will be recognized by persons having ordinary 

15 skill in the art, a roller expanston devk:e typically utilizes one or more rollers that, 
through rotation of the device, apply a radial force to the interior surfaces of a tubular 
member. In several altemative embodiments, the roller expansion device 615 may 
Include eccentric rollers such as, for example, as disclosed in U.S. Pat Nos. 5,014,779 
and 5,083,608. the disclosures of which are incorporated herein by reference. 

20 Refening to Figs. 6d and 6e. the roller expansion device 615 may then be 

removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Fig. 6f, an addittonal tubular member 625 may then be plastically 
defonned and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 

25 wellbore casing. Before, during or after the radial expansion of the tubular member 
625, an annular body 630 of a fluidic sealing material may be fonned around the 
tubular member In a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several altemative embodiments, the roller expansion device 615 may be 

30 coupled to the bottom of an expansion cone in order to penmit the over-expansion 
process to be performed during the radial expansion process implemented using the 
expansion cone. 

Refemng initially to Fig. 7a. a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
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horizontal The preexisting welllwre casing 15 may be coupled to the upper portion of 
the weilt)ore 10 using any number of conventional methods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the welibore 10 
using one or more of the methods and apparatus disclosed in one or more of the 

5 following: (1) U.S. patent application serial no. 09/454.139. attomey docket no. 
25791.03.02, filed on 12/3/1999. (2) U.S. patent application serial no. 09/510.913, 
attomey docket no. 25791 .7.02, filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502,350. attomey docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440.338. attomey docket no. 25791 .9.02, filed on 1 1/1 5/1 999, 

10 (5) U.S. patent applicatfon serial no. 09/523.460, attomey docket no. 25791.11.02, filed 
on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attomey docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent applrcatton serial no. 09/511.941, 
attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 
no. 09/588.946. attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 

15 applicatton serial no. 09/559.122, attomey docket no. 25791 .23.02. filed on 4/26/2000, 
(10) PCX patent applicatton serial no. PCT/USOO/18635. attomey docket no. 
25791.25.02. filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162.671. attomey docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisfonal 
patent application serial no. 60/1 54,047, attomey docket no. 25791 .29, filed on 

20 9/16/1999. (13) U.S. provisional patent application serial no. 60/159,082. attomey 

docket no. 25791.34. filed on 10/12/1999, (14) U.S. provlskjnal patent application serial 
no. 60/159.039. attomey docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
proviskjnal patent application serial no. 60/159.033, attomey docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provistonal patent application serial no. , 

25 attomey docket no. 25791.38, filed on 6/19/2000. (17) U.S. provisional patent 

application serial no. 60/165,228, attomey docket no. 25791.39, filed on 11/12/1999, 

(18) U.S. provisional patent application serial no. .attorney docket no. 

25791.45, filed on 7/28/2000. (19) U.S. provistonal patent applicatton serial no. 
, attorney docket no. 25791.46. filed on 7/28/2000, and (20) U.S. 

30 provlsionai patent application serial no. , attomey docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are Incorporated herein by reference. 
More generally, the preexisting welibore casing 15 may be coupled to anottier 
preexisting welibore casing and/or may Include one or more concentrically positioned 
tubular members. 
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Referring to Fig. 7b, an apparatus 700 for radially expanding a tubular menrtber 
may then be positioned within the weilbore 10. The apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveying fhiidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 
5 for radially expanding tubular members is coupled to an end of the tubular support 
member 705. 

An expansion cone launcher 735 is movably coupled to and supported by the 
expansion cone 715. The expansion cone laundier 735 includes an upper portion 
735a having an upper outer diameter, an intermediate portion 735b that mates with the 

1 0 expansion cone 715. and a lower portion 735c having a lower outer diameter. The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 735 further includes a recessed portion 735d having an outer dianr^ter that is 
less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 

15 the expansion cone launcher 735. In a preferred embodiment, the valveable passage 
745 may be controllabiy closed in order to ftuididy Isolate a region 750 below the 
expansion cone 715 and bounded by the lower portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of the 

20 expansion cone launcher 735. One or more sealing members 760a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may include 
elastomeric elennents and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 

25 in addition to. the sealing memt>ers 760a and 760b. 

In a.preferred embodiment, the support member 705, the expansion cone 715, 
the expansion cone launcher 735, the shoe 740. and the expandable tubular member 
755 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 

30 12/3/1999. (2) U.S. patent application serial no. 09/510,913, attomey docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350. 
attomey docket no. 25791 .8.02. filed on 2/10/2000. (4) U.S. patent application serial 
no. 09/440,338, attomey docket no. 25791 .9.02, filed on 1 1/1 5/1 999. (5) U.S. patent 
application serial no. 09/523.460, attomey docket no. 25791.1 1.02, filed on 3/10/2000. 
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(6) U.S. patent application serial no. 09/512.895. attorney docket no. 25791.12.02, filed 
on 2/24/2000. (7) U.S. patent application serial no. 09/511,941, attorney docket no. 
25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial no. 09/588,946, 
attorney docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. patent applfcatton serial 
5 no. 09/559.122, attorney docket no. 25791.23.02. filed on 4/26/2000. (10) PCT patent 
appficatton serial no. PCT/USOO/18635, attorney docket no. 25791.25.02. filed on 
7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, attwney docket 
no. 25791.27, filed on 11/1/1999. (12) U.S. provisional patent application serial no. 
60/154,047. attorney docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional 
10 patent application serial no. 60/159,082, attorney docket no. 25791 .34, filed on 

10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36. filed on 10/12/1999. (15) U.S. provisional patent application serial 
no. 60/159,033, attorney docket no. 25791.37. filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. t attorney docket no. 

15 25791 .38. filed on 6/19/2000. (17) U.S. provisional patent application serial no. 

60/165,228. attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. provlsfonal 

patent application serial no. . attorney docket no. 25791.45, filed on 

7/28/2000. (19) U.S. provfetonal patent application serial no. ^ attorney 

docket no. 25791.46, filed on 7/28/2000. and (20) U.S. provisional patent application 

20 serial no. . attorney docket no. 25791 .47. filed on 9/18/2000, the ^ 

disclosures of whfch are incorporated herein by reference. 

As Illustrated in Fig. 7b. in a preferred embodinient, during placement of the 
apparatus 700 within the wellbore 10. fluklic materials 765 v^thin the wellbore 1 0 are 
conveyed through the apparatus 700 through the passages 710. 720 and 745 to a 
25 tocation above the apparatus 700. In this manner, surge pressures during placement 
of the apparatus 700 within the wellbore 10 are reduced. In a preferred embodiment, 

the apparatus 700 is initially positioned within the wellbore 10 such that the top portion 

of the tubular member 755 overiaps witti the preexisting casing 15. In thfe manner, the 
upper portion of the expandable tubular member 755 may be radially expanded into 
30 contact with and coupled to the preexisting casing 15. As will be recognized by 

persons having ordinary skill in the art, the precise Initial position of the expandable 
tubular member 755 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expanston, and the material properties of the 
expandable tubular member. 
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As illustrated in Fig. 7c, a fluidic material 770 may then be injected through the 
apparatus 700 through the passages 710. 720. and 745 in order to test the proper 
operation of these passages. 

As aiustrated in Fig. 7d. a hardenable fluidic sealing material 775 may then be 

5 injected through the apparatus 700 through the passages 710, 720 and 745 into the 
annulus t>etween the apparatus and the wellboce 10. In this manner, an annular barrier 
to fluid migration into and out of the wellt>or6 10 may be formed around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The . 
hardenable fluidic sealing material may include, for example, a cement mixture. In 

10 several altemative emtxxliments, the injection of the hardenable fluidic sealing material 
775 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 775 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e, a non-hardenable fluidic material 780 may then be 
injected into the apparatus through the passages 710 and 720. A ball plug 785, or 

1 5 other similar device, may then be injected with the fluidic material 780 to thereby seal 
off the passage 745. In tfiis manner, the region 750 may be pressurized by the 
continued injection of the fluidic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g. the continued injection of the fluidic material 
780 into the apparatus 700 causes the expansion cone launcher 735 and expandable 

20 tubular member 755 to be plastically deformed and radially expanded off of the 
expansion cone 715. The resulting structure includes a lip 790. 

After completing the plastic deformation and radial expansion of the tubular 
member 755, the hardenable fluidic sealing material is allowed to cure to thereby forni 
an annular body 795 that provides a barrier to fluid flow into or out of the wellbore 10. 

25 Refening to Fig. 7h, the shoe 740 may then removed by drilling out the shoe 

using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular memt>ers to be coupled to 
the bottom portion of the plastically defonned and radially expanded tubular member 
755. 

30 Referring to Rg. 7i, an additional tubular member 800 may then be plastically 

deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mbno-dianrieter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
800, an annular body 805 of a fluidic sealing material may be formed around the 
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tubular men*er in a convwitional manner and/or by using one or more of the methods 
and apparatus described gboye. In a preferred embodiment, the Op 790 Jadlitates the 
coupTng of the tubular member 800 to the tubular member 755 by providing a region 
on which the tubular member 800 may be easily coupled onto. 

Referring to Fig. 8a, in an alternative embodiment, a welibore 10 includes a 
preexisting section of VMellbore casing 15 and 900. The welibore casing 900 includes 
searmg members 905a and 905b and a recess 910. An annular body 915 of a fluidic 
sealing material may also be provided around the casing 900. The casing 900 and 
annular body 915 may be provided using any number of conventional methods, the 
methods described above, and/or using one or more of the metliods disclosed in the 
following: (1 ) U.S. patent application serial no. 09/454.139, attorney docket no. 
25791.03.02, filed on 12/3/1999. (2) U.S. patent application serial no. 09/510.913, 
attorney docket no. 25791.7.02. filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440.338. attorney docket no. 25791.9.02, filed on 1 1/15/1999. 
(5) U.S. patent application serial no. 09/523,460. attorney docket no. 25791.11.02. filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512,895, attom^ docket no. 
25791 .12.02. filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1 ,941 . 
attorney docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent applteatton serial 
no. 09/588.946, attorney dockiet no. 25791.17.02, filed on 6/7/2O0O. (9) U.S. patent 
appOcation serial no. 09/559.122. attorney docket no. 25791.23,02, filed on 4/26/2000. 
(10) PCT patent application serial no. PCT/USOO/18635. attorney docket no. 
25791.25.02. filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162,671. attorney docket no. 25791.27. filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/1 54.047. attorney docket no. 25791 .29. filed on 
9/16/1999. (13) U.S. provisional patent application serial no. 60/159.082, attorney 
docket no. 25791.3 ^ . fil e d on 10/12/1999 , (14) U . S pmv i slona l patent application serial 
no. 60/159,039. attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159.033. attorney docket no. 25791.37. filed 

on 10/12/1999. (16) U.S. provisional patent application serial no. . 

attorney docket no. 25791.38. filed on 6/19/2000. (17) U.S. provisional patent 
application serial no. 60/165.228. attorney docket no. 25791.39. filed on 11/12/1999. 

(18) U.S. provisional patent application serial no. . attorney docket no. 

25791.45. filed on 7/28/2000. (19) U.S. provisional patent application serial no. 
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, attorney docket no. 25791.46, filed on 7/28/2000. and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular mennber 

5 is then positioned within the wellbore 10 that includes a tubular support member 1005 
that defines a passage 1010 for conveying fiuidic materials. A hydraulic locking device 
1015 that defines a passage 1020 for conveying fluidic materials that is fluididy 
coupled to the passage 1010. The tocking device 1015 further includes Inlet passages, 
1020a and 1020b, actuating chambers, 1025a and 1025b. and locking members. 

10 1030a and 1030b. During operation, the injection of fluidic materials Into the actuating 
chambers, 1025a and 1025b. causes the locking members, 1030a and 1030b, to be 
displaced outwanjiy in the radial direction. In this manner, the locking device 1015 may 
be controllabiy coupled to a tubular member to thereby maintain the tubular member in 
a substantially stationary position. As will be recognized by persons having ordinary 

15 skill in the art, the operating pressures and physical shape the inlet passages 1020, 
actuating chaml)ers 1025, and locking members 1030 will determine the maximum 
amount of holding force provided by the locking device 1015. in several alternative 
embodiments, fluidic materials may be injected into the locking device 1015 using a 
dedicated fluid passage in order to provide predse control of the tockmg device. In 

20 several alternative embodiments, the kxMng device 1015 may be omitted and the 
tubular support member 1005 coupled directly to the tubular support member 1035. 

One end of a tubular support member 1035 that defines a passage 1040 is 
coupled to the locking device 1015. The passage 1040 is fluididy coupled to the 
passage 1020. An expansion cone 1045 that defines a passage 1050 and includes an 

25 outer confcal surface 1 055 is coupled to another end of the tubular support member 
1035. An expansion cone launcher 1060 is movably coupled to and supported by the 
expansion cone 1045. The expansion cone launcher 1060 indudes an upper portion 
1 060a having an upper outside diameter, an intenmediate portion 1060b that mates 
with the expansion cone 1045, and a lower portion 1060c having a lower outside 

30 diameter. The lower outside diarrieter is greater than the upper outside diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to the lower 
portion 1 060c of the expansion cone launcher 1060. In this manner, a region 1075 
below the expanston cone 1045 and bounded by the expansion cone launcher 1060 
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and the shoe 1065 may be pressurized and fluididy isolated from the annular region 
between the apparatus 1000 and the weilbore 10. 

An expandable tubular member 1 080 is coupled to the upper portion of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 
5 sealing members are coupled to the exterior of the upper portion of the expandable 
tubular member 1080. In several alternative embodiments, the sealing members may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
several alternative embodiments, one or more anchoring elements may substituted for, 
or used in addition to, the sealing members. 
10 An expansion cone 1085 defining a passage 1090 for receiving the tubular 

support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular support member 1005 
is coupled to the bottom of the expansion cone 1085 for supporting and actuating the 
expansion cone. 

15 In a preferred embodiment, the support members 1005 and 1035. the 

expansion cone 1045, the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular member 1080 are provided substantially as disclosed in one or 
more of the following: (1 ) U.S. patent application serial no. 09/454,1 39, attorney docket 
no. 25791.03.02. filed on 12/3^1999, (2) U.S. patent application serial no. 09/510,913, 

20 attomey docket no. 25791 .7.02, filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502,350, attomey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attorney docket no. 25791.9.02. filed on 1 1/15/1999, 
(5) U.S. patent application serial no. 09/523.460, attorney docket no. 25791 .1 1.02, filed 
on 3/10/2000, (6) U.S. patent application serial no. 09/512.895, attomey docket no. 

25 25791 .12.02, filed on 2/24/2000. (7) U.S. patent applicatton serial no. 09/51 1 ,941 , 
attomey docket no. 25791 .16.02, filed on 2/24/2000. (8) U.S. patent application serial 

no. 09/588 Q4Q, ?^nnmQy rinHfPt nn :?5791 17 02 , filed on 6/7/2000. (9) U.S. patent 

application serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, 
(10) PCT patent application serial no. PCT/USOO/18635, attomey docket no. 

30 25791 .25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial no. 
60/162,671. attomey docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047. attomey docket no. 25791 .29, filed on 
9/16/1999, (13) U.S. provisional patent appBcatlon serial no. 60/159,082, attomey 
docket no. 25791.34, filed on 10/12/1999. (14) U.S. provisional patent application serial 
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no. 60/159.039. attorney docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no, 25791.37, filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. - . 

attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent 

5 application serial no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, 

(18) U.S. provistonal patent application serial no. , attorney docket no. 

25791.45. filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provistonal patent application serial no. . attorney docket no. 25791.47, 

10 filed on 9/1 8/2000, the disclosures of wtiich are incorporated herein by reference. 

As illustrated in Rg, 8b. in a preferred emtxxlinnent, during placement of the 
apparatus 1000 within the wellbore 10, fluidic materials 1110 within the wellbore 10 are 
conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. rn this manner, surge pressures during 

1 5 placement of the apparatus 1 000 within the wellbore 1 0 are reduced. In a preferred 
embodiment, the apparatus 1000 is initially positioned within the wellbore 10 such that 
the top portion of the tubular member 1080 overtaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
member 1080 may be radially expanded into contact with and coupled to the recess 

20 910 of the preexisting casing 900. 

As illustrated in Fig. 8c, a fluidic material 1115 may then be injected through the 
apparatus 1000 through the passages 1010, 1020, 1040, and 1070 in order to test the 
proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then be 

25 injected through the apparatus 1000 through the passages 1010. 1020. 1040, and 
1070 into the annulus between the apparatus and the wellbore 10. In this manner, an 
annular barrier to fluid migration into and out of the wellbore 10 may be formed around 
the radially expanded expansion cone launcher 1060 and expandable tutxjiar member 
1080. The hardenable fluidic sealing material may include, for example, a cement 

30 mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 1 120 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 1120 is compressible, before, during and/or after, 
the curing process. 
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As illustrated in Rg. 8e. a non-hardenable fluldic material 1125 may then t>e 
injected into the apparatus 1000 through the passages 1010, 1020 and 1040. A t>all 
plug 1 130, or other similar device, may then be injected with the fluidic rraterla! 1 125 to 
thereby seal off the passiage 1070. in this manner, the region 1075 may be 

5 pressurized by the continued injectton of the fluidic material 1 125 into the apparatus 
1000. Furthemnore. in this manner, the actuating chambers, 1025a and 1025b. of the 
lodcing device 1015 may be pressurized. In Vt\\s manner, the tubular member 1080 
may be held in a substantially stationary position by the locking device 1015. 

As illustrated in Fig. 8f. the expansion cone 1085 may then be actuated in the 

10 downward direction by a direct application of awal force using the support member 
1 100 and/or through the application of fluid force. The axial displacement of the 
expansion cone 1085 may plastically deform and radially expand the upper portion of 
tiie expandable tubular member 1 080. In this manner, the upper portion of the 
expandable tubular member 1080 may be precisely coupled to the recess 910 of the 

1 5 preexisting casing 900. 

During the downward actuation of the expansion cone 1085, the locking 
member 1015 preferably prevents axial displacement of the tubular member 1 080. In a 
preferred embodiment, the locking member 1015 is positioned proximate the upper 
portion of the tubular member 1080 in order to prevent buckling of the tubular member 

20 1080 during the radial expansion of the upper portion of the tubular member. In an 
alternative embodiment, the locking member 1015 is omitted and the interference 
between the internriedlate portion 1060b of the expansfon cone launcher 1060 and ttie 
expansion cone 1045 prevents the axial displacement of the tubular member 1080 
during ttie radial expanston of the upper portion of ttie tubular member. 

25 As illusti-ated in Fig. 8g, ttie expansion cone 1085 and 1 100 may then be raised 

out of ttie wellbore 10. 

As illustrated In Fig. 8h, tiie continued injection of the fiuWic material 1 125 into 

Uie apparatus 1000 may then cause the expansion cone launcher 1060 and the 
expandable tubular member 1080 to be plastically deformed and radially expanded off 
30 of ttie expansion cone 1045. In this manner, the expansion cone 1045 Is displaced 
relative to the expansk)n cone launcher 1060 arid expandable tubular member 1080 in 
ttie axial directkMi. In a preferred embodiment, the axial forces created during the 
radial expanston process are greater than the axial forces generated by ttie locking 
device 1015. As will be recognized by persons having ordinary skill in ttie art. the 
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precise relationship between these axial forces will vary as a fundion of the operating 
characteristics of the loddng device 1015 and the metallurgical properties of the 
expansion cone laun^r 1060 and expandable tubular 1080. In an alternative 
embodiment, the operating pressures of the actuating chambers. 1025a and 1025b, 

5 and the region 1 075 are separately controllable by providing separate and dedicated 
fluid passages for pressurizing each. 

As illustrated in Rg. 8i. after completing the plastic defomiation and radial 
expansion of the tubular member 1080, the hardenable fluldic sealing material is 
allowed to cure to thereby fonii an annular body 1130 that provides a banier to fluid 

10 flow into or out of the wellbore 10. The shoe 1065 may then removed by drilling out the 
shoe using a conventional drilling device. A new section of the wellbore 10 may also 
be drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular member 
1080. 

15 In an alterr^ative embodiment, the annular body 1 1 30 may be omitted, in 

several alternative embodiments, the annular body 1 130 may be radially compressed 
before, during and/or after curing. 

Referring to Fig. 8j. the tubular member 1080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter 

20 wellbore casing. 

Refemng to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 1205 
and a lower preexisting casing 1210. The casings. 1205 and 1210. may further include 
outer annular layers of fluidic sealing materials such as, for example, cement. The 
ends of the casings. 1205 and 1210. are separated by a gap 1215. 

25 Refening to Fig. 9b, a tubular member 1220 may then be coupled to the 

opposing ends of the casings. 1205 and 1210, to thereby bridge the gap 1215. In a 
preferred embodiment, the tubular member 1220 is coupled to the opposing ends of 
the casings, 1205 and 1210, by plastically defomriing and radially expanding the tubular 
member 1220 using one or more of the methods and apparatus described and 

30 referenced atK>ve. 

Referring to Fig. 9c a radial expansion device 1225 may then be positioned 
within the tubular member 1 220. in a prefen^d embodiment, the length of the radial 
expansion device 1225 is greater than or equal to the axial length of the tubular 
member 1220. In several altemative embodiments, the redial expansion device 1225 
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may be any number of conventional radial expansion de\^ces such as. for example, 
expansion cones actuated by hydraulic and/or direct axial force, roller expansion 
devices, and/or expandable hydraulic bladders. 

Referring to Figs. 9d and 9e. after actuation and subsequent de-actuatfon and 
5 removal of the radial expansion device 1 225. the inside diameters of the casings. 1 205 
and 1210, are substantially equal to the inside diameter of the tubular member 1220. 
In this manner, a mono-diameter wellbore casing may be fomned. 

Refem'ng to Fig. 10. a wellbore 1300 includes an outer tubular member 1305 
and an inner tubular member 1310. In a preferred embodiment, the tubular members, 
10 1305 and 1310, are plastically deformed and radially expanded using one or more of 
the methods and apparatus described and referenced above. In this manner, a 
wellbore casing may be provided whose burst and collapse strength may be precisely 
controlled by varying the number, thickness, and/or material properties of ttie tubular 
members, 1305 and 1310. 
15 Referring to Fig. 11a. awellbore 1400 includes a casing 1405 that is coupled to 

a preexisting casing 1410. In a preferred embodiment, one or more sealing members 
1415 are coupled to the exterior of the upper portion of the tubular member 1405 in 
order to optimally seal the Interface between the tubular member 1405 and the 
preexisting casing 1410. In a preferred embodiment, the tubular member 1405 is 
20 plastically defonned and radially expanded using conventional methods and/or one or 
more dl the methods and apparatus described and referenced above. In an exemplary 
embodiment, the outside diameter of the tubular member 1405 prior to the radial 
expansion process is ODo. the wall thickness of the tubular member 1405 prior to the 
radial expansion process is to, the outside diameter of the tubular member following the 
25 radial expansion process is ODi, and the wall thickness of the tubular member 
following the radial expansion process is ti. 

: Referring to Fig, 1 lb, a tubular member 1420 may then be coupled to the lower 

portion of the tubular member 1405 by plastically defomrring and radially expanding the 
tubular member 1420 using conventional methods and/or one or more of the nr^thods 
30 and apparatus described and referenced above. In a preferred embodiment, the 

exterior surface of the upper portton of the tubular member 1420 includes one or more 
sealing members for sealing the interface between the tubular member 1420 and the 
tubular member 1405. 
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Referring to Fig. 11c. lower portion of the tubular member 1405 and the tubular 
member 1420 may be radially expanded again to provide a mono-diameter wellbore 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above. In 
5 an exsmplary embodiment, the outside xJlameter and wall thickness of the lower portion 
of the tubular member 1405 after the additional radial expansion process are OD2 and 

The radial expansion process of Figs. 1 1b-11c can then be repeated to provide 
a mono-diameter wellbore casing of virtually unlimited length. 

10 In several alternative embodiments, the ordering of the radial expansions of the 

tubular members, 1405 and 1420, may be changed. For example, the first tubular 
member 1405 may be plastically defonned and radially expanded to provide a lower 
portion having the outside diameter OD2 and the remaining portion having the outside 
diameter OD1. The tubular member 1420 may then be plastically deformed and 

15 radially expanded one or more times until the inside diameters of the tubular members. 
1405 and 1420, are substantially equal. The plastic deforn^tions and radial 
expansions of the tubular members, 1405 and 1420, may be provided using 
conventional methods and/or one or nvore of the methods and apparatus described and 
referenced above. 

20 In an exemplary embodiment the total expansion strain E of the tubular 

member 1405 may be expressed by the following equation; 

E=(OD^-ODq)/ODq (1) 

where ODo - original outside diameter, 

25 OD1 = outside diameter after 1 radial expansion; and 

OD2 = outside diameter after 2"^ radial expansion. 
Furthemiore, in an exemplary embodiment, where: (1) the exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) the 
radial spacing between the tubular member 1405 and the wellbore 1400 prior to the 
30 first radial expansion Is equal to d, the outside diameters, OD1 and OD2. of the tubular 
member 1405 following the first and second radial expansions may be expressed as: 

OD, = ODo + 2J+2r, (2) 

OZ)2 = OD, + 2/J+2f2 (3) 
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where ODo = the original outside dianneter of the tubular member 1405; 

ODi = the outside diameter of the tubular member 1405 

following the first radial expansion; 
OD2 = the outside dianreter of the tubular member 1405 

following the second radial expansion; 
d = the radial spacing between the tubular member 
1405 and the wellbore prior to the first radial 
expansion; 

ti = the wall thickness of the tubular member 1405 

after the first radial expansion; 
t2 = the wall thickness of the tubular member 1405 

after the second radial expansion; and 
R = the thickness of sealing member provided on the 
exterior surface of the tubular member 1420. 
Furthermore, in an exemplary embodiment, for d approximately equal to o;25 
inches and R approximately equal to 0.1 inches, equation (1) can be approximated as: 

£ = (o.7"+3.7/o)/OZ)o (4) 

where to = the original waU thickness of the tubular member 

20 1405. 

In an exemplary embodiment, the total expansion strain of the tubular member 
1405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, from equation (4) the ratio of 
the original outside dian>eter to the original wall thickness (ODo/to) may be expressed 
25 as: 

~~ OD,//o> 3.8/(03- 0.7/OD„) (i) 

Thus, in a preferred embodiment, for ODo less than 10 inches, the optimal ratio 
of the original outside diameter to the original wail thickness (OD(/to) may be expressed 
30 as: 

ODJt,>\e (6) 



10 
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In this manner, for typical tubular memt>ers, the burst and collapse strength of 
the tubular members following one or more radial expansions are maximized when the 
relationship in equation (6) is satisfied. Furthermore, the relationships expressed in 
equations (1 ) through (6) are valid regardless of the order or type of the radial 

5 expansions of the tubular nrtember 1405. More generally, the relattonships expressed 
in equations (1) through (6) may be applied to the radial expansion of stnjctures having 
a wide range of profiles such as, for example, triangular, rectangular, and oval. 

An apparatLG for plastically defonming and radially expanding a tubular member 
has been described that includes means for plastically deforming and radially 

10 expanding a first portion of the tubular member to a first outside diameter, and means 
for plastically deforming and radially expanding a second portion of the tubular member 
to a second outside diameter. In a preferred embodiment, the first outside diameter Is 
greater than the second outside diameter. In a prefen^ embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to 

1 5 the first outside diameter is removable. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to 
the first outside diameter is frangible. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to 
the first outside diameter is elastic. In a preferred embodiment, the nneans for 

20 plastically defomnlng and radially expanding the first portion of the tubular member to 
the first outside diameter includes means for applying a radial force to the first portion 
of the tubular member. In a prefen^ed embodiment, the means for plastically defomnlng 
and radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a prefen^d embodiment, the means for plastically deforming 

25 and radially expanding the first portion of the tubular member to the first outside 

diameter includes rolling means for applying radial pressure to the first portion of the 
tubular member. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first fluid 
30 passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluldidy coupled to the first fluid passage and an outer conical surface, a 
rernovable annular conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an 
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end of the expansion cone launcher. In a prefened embodiment, the conical sleeve Is 
frangible. In a prefened embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. 

A method of plastically deforming and radiaHy expanding a tubular member has 

5 also been described that includes plastically deforming and radially expanding a portion 
of the tubular member to a first outside diameter, and plastically defcwrming and radially 
expanding another portion of the tubular member to a second outside diameter. In a 
preferred embodiment, the first diameter is greater than the second diameter. In a 
preferred embodiment, plastically deforming and radially expanding the portion of the 

10 tubular member includes applying a radial force to the portion of ttie tubular member 
using a conical sleeve. In a prefened embodiment, conical sleeve is frangible. In a 
preferred embodiment, the conical sleeve is elastic. In a prefened embodiment, the 
conical sleeve includes a plurality of arcuate elements. In a preferred embodiment, 
plastically defomiing and radially expanding the portion of the tubular member includes 

1 5 applying a radial force to the portion of the tubular member using ari inflatable bladder. 
In a prefened embodiment, plastically defonning and radially expanding the portion of 
the tubular member includes applying a radial force to the portion of the tubular 
member using a roller expansion device. 

A method of coupling a first tubular member to a second tubular member has 

20 also been descrltfed that Includes plastically defonning and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically defonning and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically defonning 

25 and radially expanding the second tubular member to a third outside diameter, and 
plastically defbnming and radially expanding the second tubular member to a fourth 

outs i de diampter. Th e in si d e di a meters o f the first and second tub u lar members after — 

the plastic deformations and radial expansions are substantially equal. In a prefened 
embodiment, the first outside diameter is greater than the second outside diameter, in 

30 a prefened embodiment, plastically deforming and radially expanding the first portion of 
the first tubular member includes applying a radial force to the portion of the tubular 
member using a conical sleeve. In a preferred embodiment, the conical sleeve is 
frangible. In a prefened embodiment,.the conical sleeve is elasfic. In a prefened 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a prefened 
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embodiment, plastically defomning and radially expanding the. first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred emt)odiment, plastically defonmir^ 
arnjl radially expanding the first portion of the first tubular member includes applying a 
5 radial force to the first portion of the first tubular member using a roller expansion 
device. 

An apparatus for coupling a first tubular memt>er to a second tubular member 
has also been described that includes means for plastically deforming and radially 
expanding a first portion of the first tubular nriember to a first outside diameter, means 

10 for plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, means for plastically deforming and radially expanding the 
second tubular member to a third outside diameter, and means for plastically defomiing 

1 5 and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic defonnations 
and radial expansions are substantially equal. In a preferred emtxxlinnent, the first 
outside diameter is greater than the second outside diameter. In a prefehred 
embodiment, the means for plastically deforming and radially expanding the first 

20 portion of the first tubular member includes means for appl^ng a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is frangible. In a prefenred embodiment, the conical sleeve is elastic. In 
a prefenred embodiment the conical sleeve includes a plurality of arcuate elements. In 
a preferred embodiment, the nieans for plastically deforming and radially expanding the 

25 first portion of the first tubular niember includes means for applying a radial force to the 
first portion of the first tubular member using an inflatable bladder. In a prefen-ed 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. 

30 An apparatus for fonmir^ a weilbore casing v^ln a wellbore has also been 

described that includes means for supporting a tubular member within the wellbore. 
means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically deforming and radially 
expanding a second portion of the tubular member to a second outside diameter. In a 
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preferred embodiment, the first outside diameter is greater than the second outside 
diameter. In a prefened embodiment, the means for plastically deforming and radially 
expanding the first portion of the tubular member to the first outside diameter is 
removable. In a preferred embodiment, the means for plastically defonming and 

5 radially expanding the first portion of Vhe tubular member to the first outside diameter is 
frangible. In a preferred embodiment, the means for plastically defomrung and radially 
expanding the first portion of the tubular member to the first outside diameter is elastic. 
In a preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter includes means for 

10 applying a radial force to the first portion of the tubular member, in a prefen^ed 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is inflatable. In a preferred 
embodiment, the means for plastically defonming and radially expanding the first 
portion of the tubular member to the first outside diameter includes rolling means for 

1 5 applying radial pressure to the first portion of the tubular member. In a prefeoed 
embodiment, the apparatus further includes means for forming an annular body of a 
fluidic sealing material within an annulus between the tubular member and the 
weilbore. 

An apparatus for fomiing a weilbore casing within a weilbore has also been 
20 described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluididy coupled to the first fluid passage and an outer conical surface, a removable 
annular conical sleeve coupled to the outer conical surface of the expansion cone, an 
annular expansion cone launcher coupled to the conical sleeve and a lower portion of 
25 the tubular member, and a shoe having a valveable passage coupled to an end of the 
expansion cone launcher. In a prefenred embodiment, the conical sleeve is frangible. 
In a pn»fprp?(1 fi m^v^innftnt, tha mnical sleeve Is elastic. In a prefen-ed embodiment. 
the conical sleeve fficludes a plurality of arcuate elements. 

A method of forming a weilbore casing within a weilbore has also been 
30 described that includes supporting a tubular member within a weilbore. plastically 
defomning and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. In a preferred embodiment, the first 
diameter is greater than the second diameter. In a prefenred embodiment, plastically 
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deforming and radially expanding the portion of the tubular member includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment the conical 
sleeve is elastic. In a preferred embodiment. Vhe conical sleeve includes a plurality of 

5 arcuate elements. In a preferred embodiment, plastically defonning and radially 
expanding the portion of the tubular member includes applying a radial force to the 
portion of the tubular member using an inflatable bladder. In a preferred embodiment, 
plastically deforming and radially expanding the portion of the tubular mennber includes 
applying a radial force to the portion of the tubular member using a roller expansion 

10 device. In a preferred embodiment, the method further includes injecting an annular 
body of a hardenabte fluidic sealing material into an annulus between the tubular 
member and the wellbore. In a preferred embodiment, the method further includes 
curing the annular body of hardenable fluidic sealing material. 

A method of fomning a mono-diameter wellbore casing within a wellbore has 

1 5 also been described that includes supporting a first tubular member within the wellbore, 
plastically defonning and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically defonning and radially expanding another portion of 
the first tubular nr^mber to a second outside diameter, positioning the second tubular 
member insWe the first tubular member in overlapping relation to the first portion of the 

20 first tubular member, plastically defomning and radially expanding the second tubular 
member to a third outside diameter, and plastically defomning and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal. In a preferred embodiment, the first outside diameter is greater 

25 than the second outside diameter. In a prefen-ed embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic. In a preferred embodiment, the conical sleeve includes a pluraUty of 

30 arcuate elenrients. In a preferred embodiment, plastically defonning and radially 

expanding the first portion of the first tubular member includes applying a radial force to 
the first portion of the first tubular member using an Iriflatable bladder. In a prefenred 
embodiment, plastically deforming and radially expanding the first portion of the first 
tubular member Includes applying a radial force to the first portion of the first tubular 



48 



member using a roller expansion device. In a preferred embodiment, the method 
further includes injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the first tubular member and the wellbore. In a preferred 
embodiment, the method further includes curing ttie annular body of hardenable fluidic 
5 seafing material. In a preferred embodiment, the method further includes injecting an 
annular body of a hardenable fluidic sealing material into an annulus between the 
second tubular member and the wellbore. In a prefenred embodiment, the method 
further includes curing the annular body of hardenable fluidic sealing material: 

An apparatus for coupling a first tubular member to a second tubular member 
10 has also been described that indudes means for plastically defonning and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
for plastically defonning and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member In overiapping relation to the first portton of the 
1 5 first tubular member, means for plastically deforming and radially expanding the 

second tubular member to a third outside diameter, and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members atter ttie plastic defomiations 
arid radial expansions are substantially equal. In a preferred embodiment, the first 
20 outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for plastically defomiing and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In 
25 a prefen-ed embodiment, the conical sleeve indudes a plurality of arcuate elements. In 
a preferred embodiment, the means foi- plastically defonning and radially expanding the 
first portion of the first tubular member includes means for applying a radial force to the 
first portion of the first tubular member using an inflatable bladder. In a prefenBd 
embodiment, the means for plastically defonning and radially expanding the first 
30 portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller ^cpansion device. In a prefen-ed 
embodiment, the apparatus further Indudes means for injecting an annular body of a 
hardenable fluidic sealing material into an annulus between the first tubular member 
and the wellbore. In a preferred embodiment, the apparatus further includes means for 
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curing the annular body of hardenabiefluidic searing material. In a preferred 
embodiment, the apparatus further Includes means for injecting an annular body of a 
hardenable fluidic sealing material into an annulus between the secorKi tubular 
member and the wellbore. In a preferred embodiment, the apparatus further includes 

5 means for curing the annular body of hardenable fluidic sealing material. 

An apparatis for plastically deforming and radially expanding a tubular member 
has also been described that includes means for providing a lipped portion in a portion 
of the tubular member, and means for plastically deforming and radially expanding 
another portion of the tubular member. 

10 An apparatus for plastically defonning and radially expanding a tubular member 

has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer conical surface, an 
annular expansion cone launcher including: a first annular portion coupled to a lower 

1 5 portion of the tubular member, a second annular portion coupled to the first annular 
portion that mates with the outer conical surface of the expansion cone, a third annular 
portion coupled to tiie second annular portion having a first outside diameter, and a 
fourth annular portion coupled to ttie third annular portion having a second outside 
diameter, wherein ttie second outside diameter is less than ttie first outside diameter. 

20 and a shoe having a valveable passage coupled to fourth annular portion of ttie 
expansion cone launcher. 

A method of plastically defonning and radially expanding a tubular member has 
also been described that includes providing a lipped portion in a portion of tiie tubular 
member, and plastically defomning and radially expanding another portion of the tubular 

25 member. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes providing a lipped portion in a portion of the first 
tubular member, plastically defonning and radially expanding another portion of the first 
tubular member, positioning the second tubular member inside the first tubular member 
30 in overiapping relation to ttie lipped portion of the first tubular member, and plastically 
defonning and radially expanding ttie second tubular member. The inside diameters of 
ttie first and second tubular members after ttie plastic deformations and radial 
expansions are substantial^ equal. 



An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for providing a lipped portion in the first 
tubular member, means for plastically defonming and radially expanding another portion 
of the first tubular member, means for positioning the second tubular member inside 

5 the first tubular member in overlapping relation to the lipped portion of the first tubular 
member, and means for plastically deforming and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

An apparatus for forming a wellbore casing within a wellbore has also been 

1 0 described that Includes means for supporting a tubular member within the wellbore, 
means for providing a lipped portion in the tubular member, and means for plastically 
defomiing and radially expanding another portion of the tubular member to a second 
outside diameter. 

An apparatus for fomiing a wellbore casing within a wellbore has also been 
1 5 described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to the first fiuld passage and an outer conical surface, an annular 
expansion cone launcher Including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 
20 mates with the outer conical surface of the expansion cone, a third annular portion 
coupled to the second annular portion having a first outside diameter, and a fourtti 
annular portion coupled to the third annular portion having a second outside diameter, 
wherein the second outside diameter is less than the first outside diameter, and a shoe 
having a yalveable passage coupled to fourth annular portion of Uie expansion cone 
25 launcher. 

A method of fonning a wellbore casing in a wellbore has also been described 

that includes supporting a tubular member within the wellbore. providing a iipped 

portion in a portion of Uie tubular member, and plastically defonming and radially 
expanding another portion of the tubular member. In a preferred embodiment, ttie 
30 metfiod further Includes injecting a hardenable fluldic sealing material In an annulus 
between the tubular member and the wellbore. In a prefen^ embodiment, ttie mettiod 
further Includes curing the fluldic sealing material. 

A wethod of fomning a nrwno-dlameter wellbore casing within a wellbore has 
also been described ttiat includes supporting a first tubular member within the wellbore. 
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providing a tipped portion In a portion of the first tubular member, plastically deforming 
and radially expanding another portion of the first tubular member, positioning the 
second tubular member inside the first tubular member in overlapping relation to the 
lipped portion of the first tubular member, and plastically deforming and radially 
expanding the second tubular member. The inside diameters of the first and second 
tubular members after the plastic defonnations and radial expansions are sutetantially 
equal. In a preferred embodiment the method further includes injecting a hardenable 
fluidic sealing material in an annulus between the first tubular member and the 
wellbore. In a prefenned embodiment, the method further includes curing the fluidic 
sealing material. In a preferred embodiment, the method further includes injecting a 
hardenable fluidic sealing material in an annulus between the second tubular member 
and the wellbore. In a prefen-ed embodiment, the method further includes curing the 
fluidic sealing material. 

An apparatus for forming a mono-diameter wellbore casing within a wellbore 
has also been described that includes means for providing a lipped portion in the first 
tubular member, means for plastically deforming and radially expanding another portion 
of the first tubular member, means for positioning the second tubular member inside 
the first tubular member in overiapping relation to the lipped portion of the first tubular 
member, and means for plastically defomning and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. In a prefen^ed 
emt>odiment, the apparatus further includes means for injecting a hardenable fluidic 
sealing material in an annulus between the first tubular member and the wellbore. In a 
prefened embodiment, the apparatus further includes means for curing the fluidic 
sealing material. In a preferred embodiment, the apparatus further includes means for 
injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. In a prefen-ed embodiment, the apparatus further 
includes means for curing the fluidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes means for plastically deforming and radially 
expanding a first end of the tubular member, and means for plastically defonning and 
radially expanding a second end of the tubular number, iri a preferred embodiment, 
the apparatus further includes means for anchoring the tubular member during the 
radial expansion. 
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An apparatus for plastically deforming and radially expanding a tubular member 
tias also been described that includes a tubular support member including a first 
passage, an expansion cone coupled to the tubular support having a second passage 
fluidicty coupled to the first passage and an outer conical surface, an annular 

5 expansion cone launcher movably coupled to outer conical surface of the expansion 
cone, an expandable tubular member coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movabty 
coupled to the tubular support member. The annular expansion cones are positioned 

10 in opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically defom and radially expand a first end of the expandable tubular 
member and the other annular expansion cone is adapted to plastically deiotm and 
radially expand a second end of the expandable tubular member. In a preferred 
embodiment, the apparatus fiather includes an anchoring member coupled to the 

1 5 tubular support member adapted to hold the expandable tubular. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first 
end of the tubular member, and plastically defbnnning and radially expanding a second 
end of the tubular member In a preferred embodiment, the method further includes 

20 anchoring the tubular memberduring the radial expansion. In a preferred embodiment, 
the first end of the tubular member plastically deformed and radially expanded before 
the second end. In a prefenBd embodiment, plastically deforming and radially 
expanding the second end of the tubular member includes injecting a fluidic material 
into the tubular member. 

25 A mettiod of coupling a first tubular member to a second tubular member has 

also been described that includes positioning the second tubular member inside the 

first tubular member in an overlapping relationship, plastically defonning and radially — 

expanding the end of the second tubular member that overlaps with the first tubular 
member, and plastically deforming and radially expanding the remaining portion of the 

30 second tubular member. In a preferred embodiment, the method further Includes 
plastically defonming and radially expanding at least a portion of the second tubular 
member, in a preferred embodiment, the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 
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An apparatus for coupling a first tubular memt>er to a second tubular member . ; 

. has also been desoibed that includes means for positioning the second tubular 
member inside the first tubular member in an overlapping relationship, means for i 
plastically deforming and radially expanding the end of the second tubular member that 

5 overlaps with the first tubular member, and means for plastically deforming and radially ( 
expariding the remaining portion of the second tubular member. In a preferred 
emtxxliment. the apparatus further includes means for plastically deforming and >: 
radblly expanding at least a portion of the second tubular member. In a preferred 
embodiment, the inside dian^ters of the first and second tubular members are j 

1 0 substantially equal after the radial expansions. 

An apparatus for fonning a wellbore casing within a wellbore has also been ; 
described that includes means for supporting a tubular member within the wellbore* 
means for plastically defonming and radially expanding a first end of the tubular , 
. memtier, and means for plastically deforming and radially expanding a second end of 

15 the tubular member. In a prefen^ed embodiment, the apparatus further includes means 

for anchoring the tubular member during the radial expansion. In a prefen^ , 
embodiment, the apparatus further includes means for injecting a hardenabte flutdic 
sealing material into an annulus between the tubular member and the wellbore. 

An apparatus for forming a weflbore casing within a wellbore has also been 

20 described that includes a tubular support member including a first passage, an 
expansion cone coupled to the tubular support having a second passage fluidicly 
coupled to the first passage and an outer conical surface, an annular expansion cone ; 
launcher movably coupled to outer conical surface of the expansion cone, an 
expandable tubular member coupled to an end of the annular expansion cone 

25 launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion.cones are positioned ' 
in opposite orientations, in a preferred embodiment, the annular expansion cone is 
adapted to plastically deform and radially expand a first end of the expandable tubular 

30 member and the other annular expahston cone Is adapted to plastically defonm and 

radially expand a second end of the expandable tubular memt)er. In a preferred i 
embodiment, the apparatus forther includes an anchoring member coupled to the ^ 
tubular support member adapted to hold the expandable tubular. , 
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A method of forming a welibore casing within a wellbore has also been 
described that Indudes plastically defonnning arid radially expanding a first end of the 
tubular member, and plastically deforming and radially expanding a second end of the 
tubular member. In a preferred embodiment, the method further includes anchoring the 
5 tubular member during the radial expansion. In a preferred embodiment, the first ^d 
of the tubular member is plastically defomied and radially expanded before the second 
end. In a preferred embodiment, plastically defomiing and radially expanding the 
second end of the tubular member includes injecting a fluidic material into the tubular 
member. In a preferred embodiment, the method further includes injecting a 
1 0 . hardenable fluidic sealing material into an annulus between the tubular member and 
the wellbore. 

A method of fomning a wellbore casing within a wellbore has also been 
described that includes plastically deforming and radially expanding a first tubular 
member within the wellbore, positioning a second tubular member inside the first 

15 tubular member in an overlapping relationship, plastically deforming and radially 
expanding the end of the second tubular member that overlaps with the first tubular 
member, plastically defomiing and radially expanding the remaining portion of the 
second tubular member. In a preferred embodiment, the m^hod further includes 
plastically deforming and radidiy expanding at least a portion of the second tubular 

20 member. In a preferred embodiment, the inside diameters of the first and second 
tubular members are sutsistantially equal after the radial expansions. In a preferred 
embodiment, the method further includes injecting a hardenable fluidic sealing material 
into an annulus between the first tubular member and the wellbore. In a prefenred 
embodiment, the method further includes injecting a hardenable fluidic sealing material 

25 into an annulus between the second tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 

d es crib e d th a t i ndud es me a ns for pl a stic al ly deform i ng a nd radially expand i ng a first 

tubular member within the wellbore, means for positioning the second tubular meml>er 
inside the first tubular member In an overiapping relationship, means for plastically 

30 deforming and radially expanding 0\e end of the second tubular member that overiaps 
with the first tubular member, means for plastically defomning and radially expanding 
the remaining portion of the second tubular member. In a preferred embodiment, the 
apparatus further indudes means for plastically deforming and radially expanding at 
least a portion of the second tubular memt)er. In a preferred embodiment, the inside 
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diameters of the farst and second tubular members are substantially equal after the 
radial expansions. In a preferred embodiment, the apparatus further includes means 
for injecting a hardenable ifiuidic sealing material into an annulus between the first 
tubular memt)er and the wellbore. In a preferred embodiment, the apparatus further 

5 includes means for injecting a hardenable fluidic sealing material Into an annulus 
between the second tubular member and the wellbore. 

An apparati^ for bridging an axial gap between opposing pairs of wellbore 
casing within a wellbore has also been described that includes means for supporting a 
tubular member in overlapping relation to the opposing ends of the wellbore casings, 

10 means for plastically defomning and radially expanding the tubular member, and means 
for plastically defomning and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore has also been described that includes supporting a tubular member in 

15 overlapping relation to the opposing ends of ttie wellbore casings, plastically defomiing 
and radially expanding ttie tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of forming a structure having desired strengtti characteristics has also 

20 been described ttiat includes providing a first tubular member, and plastically deforming 
and radially expanding additional tubular members onto ttie interior surface of tiie first 
tubular nrvember until the desired strength characteristics are achieved. 

A method of forming a wellbore casing within a wellbore having desired strength 
characteristics has also been described that includes plastically deforming and radially 

25 expanding a first tubular meml)er wiUiin Uie wellbore, and plastically defomning and 
radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. 

A method of coupling a first tubular member to a second tubular member, Vhe 
first tubular member having an original outside diameter ODo and an original wall 

30 Uiickness to, has ateo been described that includes plastically defomning and radially 
expanding a first portion of tiie first tubular member to a first outside diameter, 
plastically deforming and radially expanding anottier portion of the first tubular member 
to a second outside diameter, positioning the second tubular member inside ttie first 
tubular member in overiapping relation to Oie first portion of the first tubular member, 
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plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter, wherein the inside diameters of the first and 
second tubular members after the plastic defomnations and radial expansions are 

5 substantially equal, arid 

wherein the ratio of the original outside diameter ODo of the first tubular member to the 
original wall thickness to of the first tubular member is greater than or equal to 16. 

A method of forming a monoKllameter v^llbore casing has also been described 
that includes positioning a first tubular member within a wellbore, the first tubular 

10 member having an original outside diameter ODo and an original wall thickness to, 

plastically deforming and radially expanding a first portion of the first tubular nrvember to 
a first outside diameter, plastically deforming and nsidially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 

15 first tubular member, plastically defonning and radially expanding ttie second tubular 
member to a third outside diameter, and plastteally deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic defonmations and radial expanstons 
are substantially equal, and wherein the ratio of the original outside diameter ODo of 

20 the first tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, wherein the ratio of the 

25 original outside diameter OD© of the first tubular member to the original wall thickness to 
of the first tubular member is greater than or equal to 16. 

An apparatus has also been described that includes a plastically deformed and 

radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 

30 deformed and radially expanded second tubular member coupled to the first portion of 
the first tubular member. The ratio of the original outside diameter ODo of the first 
tubular member to the original wall thickness to of the first tubular member Is greater 
than or equal to 16. In a preferred embodiment, the inside diameters of the first and 
second tubular members are substantially equal. 
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A welibore casing formed in a wellbore has also t>een described that includes a 
plastically defoimed and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 

5 coupled to the first portion of the first tubular member. The ratio of the original outside 
diameter ODo of the first tubular member to the original wall thickness to of the first 
tubular member is greater than or equal to 16. In a preferred embodiment, the inside 
diameters of the first and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically defonmed and 

10 radially expanded tubular member. In a preferred embodiment, the ratio of the original 
outside diameter ODo of the tubular member to the original wall thickness to of ttie 
tubular member is greater than or equal to 16. 

In several alternative eriibodlments, the methods and apparatus described and 
referenced above may. be used to fonn or repair wellbore casings, pipelines, and 

1 5 structural supports. 

Although this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates a wMe range of 
modifications, changes, and substitutions. In some instances, one may emptoy some 
features of the present invention without a connesponding use of the other features. 

20 Accordingly, it is appropriate that readers should construe the appended daims 
broadly, and in a manner consistent with the scope of the invention. 
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Claims 

1 An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member induding a first fluid passagl^; 
an expansion cone coupled to the tubular support member having a second fluid 
passage fluididy coupled to the first fluid passage and an outer conical surface; 
an annular expansion cone launcher comprising: 
a flrst annular portion coupled to a lower portion of the tubular member, 
a second annular portion coupled to the first annular portion that mates with the 
outer conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first 
outside diameter, and 

a fourth annular portion coupled to the third annular portion having a second 

outside diameter, 

wherein the second outside diameter is less than the first outside diameter: and 
a shoe having a valveable passege coupled to fourth annular portion of the 
expansion cone launcher. 

2 An apparatus for fomning a wellbbre casing within a wellbore. comprising: 
20 a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second fluid 
passage fluididy coupled to the first fluid passage and an outer conical surface; 
an annular expansion cone launcher comprising: 
a first annular portion coupled to a lower portion of the tubular member; 
25 a second annular portion coupled to the first annular portion that mates with the 

outer conical surface of the expansion cone; 

a third annular portion couple d to the s econd a nnular port i on hav i ng a first 

outside diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
30 outside diameter, 

wherein the second outside diameter is less than the first outside diameten and 
a shoe having a valveable passage coupled to fourth annular portion of the expansion 
cone launcher. 



10 



59 



1 . An apparatus for plasficaily deforming and radially expanding a tubular member, 
comprising: 

means for plastically defomnlng and radially expanding a first portion of the 
tubular member to a first outside diameter, and 
5 means for plastically defomning and radially expanding a second portion of the 

tubular member to a second outside diameter. 

2. The apparatus of claim 1 . wherein the first outside diameter is greater than the 
second outside diameter. 

10 

3. The apparatus of daim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

15 4. The apparatus of daim 1 . wherein the means for plastically deforming and 

radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

5. The apparatus of daim 1 , wherein the means for plastically defomiing and 

20 radially expanding the first portion of the tubular nrtember to the first outside diameter is 
elastia 

6. The apparatus of daim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 

25 comprises means for applying a radial force to the first portion of the tubular member. 

7. The apparatus of daim 1. wherein the means for plastically defonming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
inflatable. 

30 

8. The apparatus of daim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to ttie first outside diameter 
indudes rolling nr^eans for applying radial pressure to the first portion of the tubular 
member. 
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9. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
. fluid passage flutdicly coupled to the first fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member, and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

15 10. The apparatus of claim 9, wherein the conical sleeve is frangible. 

11. The apparatus of daim 9, wherein the conical sleeve is elastic. 

1 2. The apparatus of daim 9. wherein the conical sleeve comprises a plurality of 
20 arcuate elements. 

13. A method of plastically defonning and radially expanding a tubular member, 
comprising: 

plastically defomiing and radially expanding a portion of the tubular member to 
25 a first outside diameter, and 

plastically defomfiing and radially expanding another portion of the tubular 
member to a second outside diameter. 

14. The method of daim 13, wherein the first diameter is greater than the second 
30 diameter. 

1 5. The method of daim 1 3, wherein plastically defomning and radially expanding the 
portion of the tubular member comprises: 



5 
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applying a radial force to the portion of the tubular member using a conical 
sleeve. 

16. The method of claim 1 5. wherein the conical sleeve is frangible. 

5 

1 7. The method of daim 1 5, wherein the conical sleeve is elastic. 

1 8. The method of daim 1 5, wherein the conical steeve comprises a plurality of 
arcuate elements. 

19. The method of daim 13. wherein plastically deforming and radially expanding the 
portion of this tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
15 bladder. 

20. The method of claim 1 3, wherein plastically defonning and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
20 expansion device. 

21 . A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
25 memt>er to a first outside diameter; 

plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member, 
30 plastically defonning and radially expanding the second tubular member to a 

third outside diameter, and 
plastically deforming arKi radially expanding the second tubular member to a 

fourth outside diameter; 
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wherein the Inside diameters of the first and second tubular members after ttie 
plastic deformations and radial expansions are substantially equal. 

22. The method of daim 21. wherein the first outside dianieter is greater than 
5 second outside diameter. 

23. The method of claim 21 . wherein plastically defonning and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 

4 

10 sleeve. 

24. The method of claim 23. wherein the conical sleeve is frangible. 

25. The method of daim 23. wherein the conical sleeve is elastic. 

15 

26. The method of claim 23, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

27. The method of daim 21 . wherein plastically deforming and radially expanding the 
20 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

28. The method of daim 21 . wherein plastically defonning and radially expanding the 
25 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

29. An apparatus for coupling a first tubular member to a second tubular member, 
30 comprising: 

means for plastically defonming and radially expanding a first portion of the first 

tubular member to a first outside diameter, 
means for plastically deforming and radially expanding another portion of the 

first tubular member to a second outside diameter; 
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means for positiomng the second tubular member inside the first tubular 
member In overlapping relation to the first portion of the first tubular 

nr^mt>en > 
means for plastically defonming and radially expanding the second tubular 
5 member to a third outside diameter, and 

means for plastically defomning and radially expanding the second tubular 

member to a fourth outside diameter, 
wherein the inside diameters of the first and second tubular members after the 

plastic defonnations and radial expansions are substantially equal. 

10 

30. The apparatus of daim 29, wherein the first outside diameter is greater than the 
second outside diameter. 

31 . The apparatus of daim 29, wherein the means for plastically defonning and . 
1 5 radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

32. The apparatus of daim 31 . wherein the conical sleeve is frangible. 

20 

33. The apparatus of daim 31 , wherein the conical sleeve is elastic. 

34. The apparatus of daim 31 , wherein the conical sleeve comprises a plurality of 
arcuate elements. 

25 

35. The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

30 

36. The apparatus of daim 29. wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 
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37. An apparatus for forming a wellbore casing within a wellbore, comprising: 

means for supporting a tubular member within the wellbore; 
means for ptastically deforming and radially expanding a first portion of the 
5 tubular member to a first outside diameten and 

means for plastically deforming and radially expanding a second porti<^ of the 
tubular member to a second outside diameter. 

38. The apparatus of daim 37, wherein the first outside diameter fe greater than the 
10 second outside diameter. , 

39. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

15 

40. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

20 41 . The apparatus of daim 37, wherein the means for plastically deforming and 

radially expanding the first portion of the tubular member to the first outside diameter is 
elastic. 

42. The apparatus of daim 37, wherein the means for plastically defomning and 

25 radially expanding the first portion of the tubular member to the first outside diameter 
comprises means for applying a radial force to the first portion of the tubular member. 

43. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular memtxer to the first outside diameter is 

30 inflatable. 

44. The apparatus of daim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 



65 



comprises rolling means for applying radial pressure to the first portion of the tubular 
member. 

45. The apparatus of daim 37, further comprising: 
5 means for forming an annular body of a fluidic sealing n^rial within an 

annulus between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fhjididy coupled to the first fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a tower 

portion of the tubular member, and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

20 47. The apparatus of claim 46. wherein the conical sleeve is frangible. 

48. The apparatus of daim 46, wherein the conical sleeve is elastic. 

49. The apparatus of daim 46, wherein the conical sleeve comprises a plurality of 
25 arcuate elements. 

50. A method of fomiing a wellbore casing within a wellbore, comprising: 

supporting a tubular member within a weill>ore; 

plastically deforming and radially expanding a portion of the tubular member to 
30 a first outside diameter, and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. 



46. 

10 
15 
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51. The method of claim 50, wherein the first diameter is greater than the second 
diameter. 

5Z The method of claim 50. wherein plastically defomiing and radiany expanding the 
5 portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

53. The method of daim 50. wherein the conical sleeve is frangible. 

10 

54. The method of daim 50, wherein the conical sleeve is elastic. 

55. The method of daim 50. wherein the conical sleeve comprises a plurality of 
arcuate elements. 

15 

56. The method of daim 50. wherein plastically defomiing and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

20 

57. The method of daim 50, wherein plastically defomning and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

25 

58. The method of daim 50. further comprising: 

\ Injftrting an annular body of a hardenable fluldic sealing material into an 

annulus between the tubular member and the wellbore. 

30 59. The nr^thod of daim 58, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

60. A method of fomilng a mono-diameter wellbore casing within a wellbore. 
comprising: 
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supporting a first tubular memt>er within the weill>ore; 

plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically defonning and radially expanding another portion of the first tubular 
5 member to a second outside diameter, 

positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member, 
plastically deforming and radially expanding the second tubular member to a 

third outside diameter, and 
10 plastically defomning and radially e)q}anding the second tubular member to a 

fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 

15 61. The method of daim 60, wherein the first outside diameter is greater than the 
secorKi outside diameter. 

62. The method of daim 60, wherein plastically defonning and radially expanding the 
first portion of the first tubular member comprises: 

20 applying a radial force to the portion of the tubular member using a conical 

sleeve. 

63. The method of daim 62, wherein the conical sleeve is frangible. 

25 64. The method of daim 62, wherein the conical sleeve is elastic. 

65. The method of claim 62, wherein the conical sleeve comprises a plurality of 
arcuate eleinients. 

30 66; The method of daim 60. wherein plastically defonning and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to tiie first portion of the first tubular member using an 
inflatable bladder. 
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67. The method of daim 60. wherein plastically defomiing and radially expanding the 
first porMon of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

5 

68. The method of dalm 60, further comprising: 

Injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the first tubular member and the wellbore. 



10 69. The method of claim 68, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

70. The method of claim 60, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
1 5 annulus between the second tubular member and the wellbore. 

71 . The method of daim 70. further comprising: 

curing the annular body of hardenable fluidic sealing material. 

20 72. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter; 
means for plastically deforming and radially expanding another portion of the 
25 first tubular member to a second outside diameter, 

means for positioning the second tubular member inside the first tubular 

rripmh^r in nvpriapping relation to the first portion of the first tubular 

member; 

means for plastically deforming and radially expanding the second tubular 
30 member to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular 

member to a fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic defonmations and radial expansions are substantially equal. 
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73. The apparatus of daim 72. wherein the first outside diameter is greater than the 
second outside diameter. 



5 74. The apparatus of daim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular number comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

1 0 75. The apparatus of claim 74, wherein the conical sleeve is frangible. 

76. The apparatus of claim 74, wherein the conical sleeve is elastic. 

77. The apparatus of daim 74, wherein the conical sleeve comprises a plurality of 
15 arcuate elements. 

78. The apparatus of daim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular memt>er 
20 using an inflatable bladder. 

79. The apparatus of daim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
25 using a roller expansion device. 

80. The apparatus of daim 72, further comprising: 

means for injecting an annular body of a hanjenable fluidic sealing material into 
an annuius between the first tubular member and the wellbore. 



30 



81 . The apparatus of daim 80, further comprising: 

means for curing the annular body of hardenable fluldic sealing material. 

82. The apparatus of claim 72, further comprising: 



70 



means for injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the second tubular member and the wellbore. 

83. The apparatus of daim 82. further comprising: 

5 means for curing the annular body of hardenable fluidic sealing material. 

84. An apparatus for plastically defonning and radially expanding a tubular mernberp 
comprising: 

means for providing a lipped portion in a portion of the tubular meml>en and 
10 means for plastically defonming and radially expanding another portion of the 

tubular member. 

85. An apparatus for plastically defonming and radially expanding a tubular member, 
comprising: 

15 a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluldidy coupled to the first fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 
20 a first annular portion coupled to a lower portion of the tubular nnember, 

a second annular portion coupled to the first annular portion that mates 

with the outer conical surbce of the expansion cone; 
a third annular portion coupled to the second annular portion having a 
first outside diameter, and 
25 a fourth annular portion coupled to the third annular portion having a 

second outside diameter, 

wherein the second outside diameter is less than the first outside 

diameter, and 

a shoe having a valveable passage coupled to fourth annular portion of the 
30 expansion cone launcher. 

86. A method of plastically defonming and radially expanding a tubular member, 
comprising: 

providing a lipped portion In a portion of the tubular member, and 
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plastically deforming and radially expanding another portion of the tubular 
member. 

87. A method of coupling a first tubular member to a second tubular member, 
comprising: 

providing a lipped portion in a portion of the first tubular member, 
plastically defonning and radially expanding another portion of the first tubular 
member, 

positioning the second tubular member inside the first tubular member In 

overlapping relation to the lipped portion of the first tubular member; and 

plastically deforming and radially expanding the second tubular member; 

wherein ttie inside diameters of the first and second tubular members after the 
plastic defomnations and radial expansions are substantially equal. 

88. . An apparatus foi* coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped portion in the first tubular membeir, 

means for plastically deforming and radially expanding another portion of the 

first tubular member, 
means for positioning Mie second tubular member inside ttie first tubular 

member in overlapping relation to ttie lipped portion of ttie first tubular 

member; and 

means for plastically defonning and radially expanding ttie second tubular 
member; 

wherein ttie inside diameters of the first and second tubular members after the 
plastic defomnations and radial expansions are substantially equal. 

89. An apparatus for fonning a wellbore casing witiiin a wellbore. comprising: 

means for supporting a tubular member within the wellbore; 
means for providing a lipped portion in the tubular member, and 
means for plastically defbmning and radially expanding anotiier portion of the 
tubular member to a second outside diameter. 

90. An apparatus for forming a wellbore casing wittiln a wellbore, comprising: 
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a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer 
conical surface; 
5 an annular expansion cone launcher comprteing: 

a first annular portion coupled to a lower portion of the tubular member; 
a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 
10 first outside diameter, and 

a fourth annular portion coupled to the third annular portion having a 

second outside diameter, 
wherein the second outside diameter is less than the first outside 
diameter, and 

15 a shoe having a valveable passage coupled to fourth annular portion of the 

expansion cone launcher. 

91 . A method of fomiing a wellbore casing in a wellbore, comprising: 

supporting a tubular member within the welltx)re; 
20 providing a lipped portion in a portion of the tubular member, and 

plastically deforming and radially expanding another portion of the tubular 
member. 

92. The method of claim 91 , further comprising: 

25 injecting a hardenable fluidic sealing material in an annulus between the tubular 

member and the wellbore. 

93. The method of daim 92. further comprising: 
curing the fluidic sealing material. 

30 

94. A method of fomning a mono-diameter wellbore casing within a wellbore, 
comprising: 

supporting a first tubular member within the wellbore; 
providing a lipped portion in a portion of the first tubular member; 
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plastically deforming and radially expanding another portion of ttie first tubular 
memben 

positioning the second tubular member inside the first tubular member in 

overlapping relation to the tipped portion of the first tubular member, and 
5 . plastically deforming and radially expanding the second tubular memben 

wherein the iriside diameters of the first and second tubular m^bers after the 
plastic deformations and radial expansions are substantially equal. 



95. The method of daim 94, further comprising: 

10 injecting a hardenable fiuidic seaDng material in an annulus between the first 

tubular member and the wellt)ore. 

96. The method of daim 95, further comprising: 
curing the fiuidic sealing material 

15 

97. The nriethod of daim 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. 



20 98. The method of daim 97, further comprising: 
curing the fluidic sealing material. 



99. An apparatus for forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

25 means for providing a lipped portion in the first tubular member, 

means for plastically defomning and radially expanding another portion of the 

first tubular member; 
means for positioning the second tubular member inside the first tubular 

member in overiapping relation to the lipped portion of the first tubular 
30 meml>ert and 

means for plastically defomning and radially expanding the second tubular 
member, 

wherein the inside diameters of the first and second tubular members after the 
plastic defomnations and radial expansions are substantially equal. 
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1 00. The apparatus of daim 99. further comprising: 

means for injecUng a hardenable fluidic sealing material in an annulus between 
the first tubular nnennber and the wellbore. 

1 01 . The apparatus of daim 100, further comprfeing: 
means for curing the fluidic sealing material. 



1 02. The apparatus of daim 99, further comprising: 
10 means for injeding a hardenable fluidic sealing material in an annulus between 

the second tubular member and the wellbore. 
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103. The apparatus of daim 102. further comprising: 
means for curing the fluidic sealing material. 



104. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for plastically defonnirig and radially expanding a first end of the tubular 
memt)en and 

20 means for plastically deforming and radially expanding a second end of the 

tubular memt>er. 



105. The apparatus of claim 104, further comprising: 

means for anchoring the tubular member during the radial expansion. 

25 

1 06. An apparatus for plastically defonning and radially expanding a tubular member, 
comprising: 

a tubular support member induding a first passage; 
an expansion cone coupled to the tubular support having a second passage 
30 fluididy coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansfon 

cone launcher; 
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a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 
another annular expansion cone movabiy coupled to the tubular support 

member, 

5 wherein the annular expansion cones are positioned in opposite orientations. 

107. The apparatus of claim 106, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expatKlable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 

1 0 expand a second end of the expandable tubular member. 

108. The apparatus of claim 1 06, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

15 

109. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a first end of the tubular member 
and 

20 plastically deforming and radially expanding a second end of the tubular 

member. 

110. The method of claim 1 09. further comprising: 
anchoring the tubular member during the radial expansion. 

25 

111 The method of claim 1 09, wherein the first end of the tubular member is 
plastically deformed and radially expanded before the second end. 

1 12. The method of daim 109, plastically deforming and radially expanding the 

30 second end of the tubular member comprises injecting a fluidic material into the tubular 
member. 

113. A method of coupling a first tubular member to a second tubular memt>er, 
comprising: 
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positioning the second tubular member inside the first tubular member in an 

overlapping relationship; 
plastically defonming and radially expanding the end of the second tubular 

member that overlaps with the first tubular memben 
5 plastically deforming and radially expanding the remairdng portion of the second 

tubular memt)er. 

114. The method of dalm 1 1 3, further comprising: 

plastically defomning and radially expanding at least a portion of the second 
10 tubular member. 

11 5. The method of daim 1 1 4. wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

15 1 1 6. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for positioning the second tubular member inside the first tubular 

niember in an overlapping relationship; 
means for plastically deforming and radially expanding the end of the second 
20 tubular member that overiaps with the first tubular member. 

means for plastically deforming and radially expanding the remaining portion of 

the second tubular member. 



1 17. The apparatus of claim 1 16. further comprising: 
25 means for plastically deforming and radially expanding at least a portion of the 

second tubular member. 



118. The apparatus of daim 117, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

1 19. An apparatus for forming a welibore casing writhin a wellbore. comprising: 

means for supporting a tubular member within the welibore; 
means for plastically deforming and radially expanding a first end.of the tubular 
memben and 
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means for plastically deforming and radially expanding a seoond end of the 
tubular member. 

120. The apparati^ of daim 119, further comprising: 
. 5 means ior anchoring the tubular memt>er during the radial expansion: 

The apparatus of claim 119, further comprising: 
means for injecting a hardenable fiuidic sealing material into an annulus 
between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member Including a first passage; 
an expansion cone coupled to the tubular support having a second passage 

fluidicly coupled to the first passage and an outer conical surface; 
an annular expansion cone laundier movably coupled to outer conical surfece 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 
cone launcher, 

a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 
another annular expansion cone movably coupled to the tubular support 
nnemben 

wherein the arinular expansion cones are positioned in opposite orientations. 

25 123. The apparatus of daim 122, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically defonn and radially 
expand a second end of the expandable tubular member. 

. 30 124. The apparatus of daim 122, further comprising: 

an anchoring rhember coupled to the tubular support member adapted to hold 
the expandable tubular. 

125. A method of forming a wellbore casing within a wellbore, comprising: 



121. 



10 

122. 
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plastically deforming and radially expanding a first end of the tubular nnemt>en 
and . 

plastically deforming and radially expanding a second end of the tubular 
memt}er. 

5 

1 26. The method of daim 125, further comprising: 
anchoring the tubular member during the radial expansion. 

1 27. The method of daim 1 25, wherein the first end of the tubular member is 
1 0 plastically deformed and radially expanded before the second end. 

128. The method of daim 125. plastically defomning and radially expanding the 
second end of the tubular member comprises injecfing a fluidic material into the tubular 
member. 

15 

129. The nwthod of daim 125. further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
tubular member and the wellbore. 

20 130. A method of fomning a wellbore casing within a wellbore. comprising: 

plastically defonning and radially expanding a first tubular member within the 

wellbore; 

positioning a second tubular member inside the first tubular member in an 

overiapping relationship; 
25 plastically defomiing and radially expanding the end of the second tubular 

member that overiaps with the first tubular member; 
plastically deforming and radially expanding the remaining portion of the second 

tubular member. 



30 131 . The method of daim 130, further comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular member. 
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132. The method of daim 131. wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 



5 133, The method of claim 130. further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the first 
tubular member and the wellbore. 

1 34. The method of daim 1 30, further comprising: 

1 0 injecting a hardenable fluidic sealing material Into an annulus between the 

second tubular member and the wellbore. 

135. An apparatus for fomning a wellbore casing within a wellbore, comprising: 

means for plastically deforming and radially expanding a first tubular member 
15 within the wellbore; 

means for positioning the second tubular member inside the first tubular 

member In an overlapping relationship; 
means for plastically deforming and radially expanding the end of the second 
tubular member that overlaps with the first tubular member, 
20 means for plastically defomning and radially expanding the remaining portion of 

the second tubular member. 

1 36. The apparatus of claim 1 35, further comprising: 

means for plastically defomning and radially expanding at least a portion of the 
25 second tubular member. 

137. The apparatus of daim 136, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 
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138. The apparatus of daim 135, further comprising: 

means for Injecting a hardenable fluidic seafing material into an annulus 
between the first tubular member and the wellbore. 
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139. 



The apparatus of daim 1 35, further comprising: 
means for injecting a hardenable fluidic sealirtg material into an annulus 
between the second tubular member and the wellbore. 



5 1 40. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore. comprising: 

means for supporting a tubular member in overlapping relation to the opposing 

ends of the wellbore casings; 
means for plastically deforming and radially expanding the tubular member, and 
10 means for plastically defomning and radially expanding the tubular member and 

the opposing ends of the wellbore casings. 

141. A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

15 supporting a tubular member in overiapping relation to the opposing ends of the 

wellbore casings; 

plastically deforming and radially expanding the tubular member; and 
plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

20 

142. A method of fonming a stmcture having desired strength characteristics, 
comprising: 

providing a first tubular member; and 

plastically defomning and radially expanding additional tubular members onto 
25 the interior surface of the first tubular member until the desired strength 

characteristics are achieved. 

143. A methcxJ of fonning a wellbore casing within a wellbore having desired strength 
characteristics, comprising: 

30 plastically deforming and radially expanding a first tubular member within the 

wellbore; and 

plastically deforming and radially expanding additional tubular members onto 
the interior surface of the first tubular member until the desired strength 
charaderistics are achieved. 
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144. A method of coupling a first tubular member to a second tubular member, the first 
tubular memt>er having an ordinal outside diameter ODo and an original wall thickness 
to, comprising: 

5 plastically deforming and radially expanding a first portion of the first tubular 

memt)er to a first outside diameter; 
plastically defomning and radially expanding another portion of the first tubular 
member to a second outside diameter; 
■ positioning the second tubular member inside the first tubular member in 
1 0 overlapping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding the second tubular member to a 

third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter, 
1 5 wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal; and 
wherein the ratio of the original outside diameter ODb of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

A method of fonming a mono-diameter wellbore casing, comprising: 
positioning a first tubular member within a wellbore, the first tubular member 
having an original outskle diameter OD© and an original wall thickness 

plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a seoond outside diameter; 
positioning the second tubular member inside the first tubular member in 
overiapping relation to the first portion of the first tubular member; 
plastically deforming and radially expanding the second tutNJiar member to a 

third outside diameter and 
plastically defonming and radially expanding the second tubular member to a 
fourth outside diameter 



145. 
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wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial e)q>ansions are substantially equal; and 
wherein the ratio of the orispnal outside dameter Opo of the first tubular 

member to the origlnai wall thickness to of the first tubular member Is 
greater than or equal to 16. 

146. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member, having a first 

portion having a first outside diameter and a remaining portion having a 

second outside diameter, 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thidtness to of the first tubular member is 

greater than or equal to 16. 

147. An apparatus, comprising: 

a plastically deformed and radially expanded first tubular member having a first 

portion having a first outside diameter and a remaining portion having a 

second outside diameter; and 
a plastically deformed and radtelly expanded second tubular member coupled 

to the first portion of the first tubular member, 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thidaiess to of the first tubular member is 

greater than or equal to 16. 

148. The apparatus of claim 147. wherein the inside diameters of the first and second 
tubular members are substantially equal. 

149. A wellbore casing fornied in a welllwre, comprising: 

a plastically defonned and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a 
second outside diameter, and 

a plastically defonned and radially expanded second tubular member coupled 
to the first portion of the first tubular member. 
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wherein the ratio of the original outside diameter ODq of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 



5 150. The casing of daim 149. wherein the inside diameters of the first and second 
tubular memt>ers are substanttally equal. 

151. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member; 
1 0 wherein the ratio of the original outside diameter ODo of the tubular member to 

the original wall thickness to of the tubular nnember is greater than or 
equal to 16. 
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